Studies on the Adsorption and Interaction of a Pesticide with Clays and Soils in Absence and Presence of Plants by Singh, Chandra Pal
STUDIES ON THE ADSORPTION AND INTERACTION OF 
A PESTICIDE WITH CLAYS AND SOILS IN ABSENCE 
AND PRESENCE OF PLANTS 
RESUME 
THESIS SUBMITTED FOR THE DEGREE OF DOCTOR 
OF PHILOSOPHY IN CHEMISTRY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH 
CHANDRA PAL SINGH 
M. Sc, M. Phil. 
September, 1975 
R E S U M E 
At the present day, all branches of science and technology 
have advanced to an unbelievahle degree and some have become quite 
interdisciplinary in nature. The field of research in soil science 
is so vast that it offers many fascinating problems for a chemist to 
investigate. The colloidal phenomenon, the surface chemistry and the 
physico-chemical aspects offer almost endless opportunities for 
gaining knowledge of the nature 'of soil and clay interactions. 
During the last decade, interest in the use of pesticides 
in crop disease control has vastly increased in India. One of the 
serious deficiencies in the successful and wide-spread use of pesticides 
has been a non-developed application of proper doses in the different 
types of clay mineral containing soils. The effectiveness and 
availability of a pesticide in soil depends upon a large number of 
factors such as climatic factors, texture, moisture level, alkalinity, 
salanity, pH and clay mineral composition of the soil. Adsorption and 
interaction of the pesticides by soil is mainly governed by the nature 
of clay minerals. The phenomenon often increases the persistence 
and checks up the movement and degradation of pesticides. It also 
sometimes renders them inactive and may lead to physico-chemical 
(II) 
changes including nutrient availability to plants. There is some 
lack of information on the basic nature of soil colloid pesticide 
interactions. 
The pesticides are used as herbicides, insecticides, fumigants, 
fungicides, rodenticides and nematocides. Soil fumigants like nemagon 
and its related compounds namely D-^ mixture, E.D.B., telone and 
methyl bromide find wide-spread application in the control of nematodes, 
root-rot fungi and weed growth. They are volatile liquids with high 
toxicity to man and escape readily from the soil. Their wide-spread 
use makes it desirable to learn as- such as possible concerning their 
behaviour after they are applied to the fertilised soil. In our 
studies l,2-dibromo-3-chloropropane, commonly known as nemagon was 
selected for these investigations. The work described in this thesis 
entitled "Studies on the adsorption and interaction of a pesticide 
with clays and soils in absence and presence of plants" has been 
divided into the following chapters: 
(1) Adsorption and interaction of l,2-dibromo-3-chloropropane with 
montmorillonite. 
I 
(2) Adsorption and in terac t ion of l,2-dibromo-3-chloropropane with 
i l l i t e . 
(3) Adsorption and interaction of l,2-dibromo-3-chloropropane with 
kaolinite. 
( I l l ) 
(4) The effect of nemagon on the growth and phytotoxicity of tomato 
plants in a fertilised soil. 
(5) The effect of nemagon on some major plant nutrients of a fertilised 
soil in absence of plants, 
(6) The effect of nemagon on some soil properties in absence of 
plants and fertilisers. 
In the first three chapters of this work the adsorption and 
interaction of l,2-dihromo-3-chloropropane by acid and base saturated 
clay minerals was studied. Nemagon or l,2-dibromo-5-chloi-opropane is 
an dipolar organic chemical which is extensively used as a fumigant 
to control the nematode and fungus diseases in soils. The pesticidal 
action of this chemical to a large extent, depends on its concentra-
tion in soil solution. The disappearance of a pesticide by adsorption 
and interaction in various soils is greatly affected by different types 
of clay minerals. The degree of adsorption influences the persistence, 
movement and microbial degradation of the chemical resulting in the 
reduction of its efficacy in the soil medium. In this study of the 
mechanism of adsorption and interaction of nemagon by clay minerals, 
a variety of techniques such as adsorption isotherms, Langmuir 
isotherms, desorption, potentiometric and conductometric titrations, 
x-ray diffraction and infrared spectroscopy have been fully exploited. 
(IV) 
The study of the adsorptive behaviour of l,2-dibromo-3-
chloropropane on montmorillonite suspensions as affected by the acid 
and base saturated cations yielded "H" class isotherms. Rapid initial 
adsorption pointed to chemisorption. The data agreed with Langmuir 
equation. No desorption of the pesticide occurred on treatment of 
the complex with inorganic salts such as HgO, KCl, KBr, KNO„, K^SO. 
and NapSO. suggesting a strong non-ionic electrostatic binding of the 
chemical to the montmorillonite clay surface. Potentiometric and 
conductometric titrations of the acid and base saturated montmorillo-
nite with nemagon did not yield any sharp changes or inflexions and 
were in accordance with the formation of ion dipole complexes. Maximum 
adsorption occurred on sodium montmorillonite and the minimum on 
hydrogen montmorillonite, the order of adsorption being Na-montmori~ 
llonlte "> Ca-montmorillonite "> H-montmorillonite. Confirmation of the 
extent of the intensity of adsorption on the various adsorbents was 
obtained from the partial molar free energy changes of the systems. 
The changes in the partial molar free energy of the systems, as a 
result of adsorption, were calculated from the thermodynamic relatlon-
ships -F = RT In — . The magnitude of partial free energy values 
^o 
followed the same order as that of adsorption obtained from the 
isotherms, thus confirming the extent of driving force available for 
adsorption of nemagon on the various montmorillonites. 
(V) 
X-ray diffraction showed the hasal thicknesses of acid and 
o 
t)ase saturated montmorillonites in the oven dry state as 9.6 to 9.9 A « 
o 
There resulted an expansion of 6.5, 6.8 and 6.3 A respectively in the 
hasal thicknesses in the case of nemagon treated hydrogen, sodium and 
calcium montmorillonites at the maximum point of adsorption. The 
stereo-model structure of the pesticide yielded a van der Waals 
thickness of 4.62 A in the upright state of molecule. This thickness 
along with a correction for the length of the ion dipole bond strongly 
suggested an upright monomolecular adsorption of the pesticide with 
formation of ion dipole complexes in the interlamellar spaces of H-, 
Na- and Ca-montmorillonites. Glycerine treatment further expanded the 
basal spacings suggesting creation of a second layer of glycerine above 
the complexed nemagon without its expulsion. Thus nemagon adsorption 
was sufficiently strong and could not be expelled by glycerine treatment. 
Heat treatment of the montmorillonite-nemagon complex to 550 C resulted 
in the oxidation of the organic molecule leaving some interlamellar 
residue as a bye-product of oxidation reaction on the planar surface 
suggesting that nemagon was chemisorbed firmly on the montmorillonites. 
Infrared analysis of the adsorption complexes showed regular 
changes in the half intensity, width, infrared frequency, with occurrence 
of new bands. These further confirmed the evidence obtained during the 
adsorption, desorption, pH, electrical conductivity changes and x-ray 
(VI) 
diffraction on the mechanism of the interaction between acid and 
base saturated montmorillonite and l,2-dibromo-3-chloropropane. 
The adsorption and interaction of nemagon with acid and base 
saturated illites was also examined with the help of adsorption 
isotherms, pH, electrical conductivity, x-ray diffraction and infrared 
spectroscopy. The results furnished adsorption isotherms whose 
Langmuir plot indicated chemisorption at different sites of the clay 
surface. The order of adsorption agreed with the partial molar free 
energy changes. Desorption indicated a strong bonding of the chemical 
to the clay surface. Electrical conductivity and pH observations 
provided a powerful clue ©n the mechanism of adsorption with formation 
of ion-dipole complexes. 
X-ray data confirmed interaction at the edges and comers of 
the illite clay lattice. The infrared spectral changes, provided 
evidence in support of the assumption drawn from adsorption, desorption 
x-ray diffraction, pH and electrical conductivity changes on the 
mechanism of the interaction between acid and base saturated illite 
and l,2-dibromo-3-chloropropane. 
The interaction of l,2-dibromo-3-chloropropane on acid and 
base saturated kaolinites was also studied with the help of adsorption 
(VII) 
isotherms, electrical conductance, pH, x-ray diffraction and infrared 
spectroscopy. Rapid initial adsorption pointed to chemisorption. 
•J 
The pH and electrical conductivity ohservatiiptns pointed to an ion 
dipole interaction between the kaolinites and the nematocide. X-ray 
diffraction was indicative of the interaction of nemagon at the edges 
and comers of the kaolinite clay lattice. The infrared spectral 
changes provided evidence in support of the assumption drawn from the 
adsorption isotherms, x-ray diffraction, pH and electrical conductivity 
changes on the mechanism of the interaction between acid and base 
saturated kaolinites and nemagon. 
The last three chapters of this work deal with the effect of 
l,2-dibromo-3-chloropropane on soil and plant behaviour in presence 
and in absence of fertilisers. The results of the interaction of the 
fumigant with fertilisers as measured by nutrient availability in 
soil, some important soil characteristics, the growth of plants and 
phytotoxicity have been studied. 
Thus in Chapter IV of this work the chemistry and phytotoxicity 
of the nemagon in a fertilised soil was examined. The effects of the 
interaction of nemagon with a fertilised (fertilised with urea, ammonium 
sulphate calcium ammonium nitrate, diammonium phosphate, NPK complex, 
superphosphate and murate of potash) saline soil on the growth and 
(VIII) 
phytotoxicity of tomato plants was investigated. The results 
revealed positively beneficial effects on the growth and root system 
of the plants in case of 0.2ml dose of nemagon per kg soil. Higher 
doses ( 0.5ml per kg soil) produced phytotoxicity. It appeared 
that availability or toxicity of certain elements such as chlorides 
and bromides produced as a result of microbial and decomposition 
reactions in the soil were responsible for the above mentioned effects 
on tomato plants. • 
In the next Chapter results of nemagon fumigation on the soil 
chemistry and microbiology of major nutrients transformations in a 
fertilised saline soil provided interesting and consistent effects. 
Nemagon at 0.2ml per kg of soil produced optimum significant 
availability of ammonium nitrogen with all fertilised treatments at 
30 to 45 days. The effect then declined due to nitrification caused 
by dissipation of the chemical. Though initially toxic a higher dose 
of the fumigant produced more positive results after 60 days so far as 
ammonified nitrogen was concerned. The results were in agreement with 
nitrite, nitrate and halide transformations. 
All doses of fumigant resulted in a positive response to 
phosphorus availability, though after reaching a maximum the influence 
declined. The results have been explained on the basis of solubiliza-
(IX) 
tion effects caused by microbial activity. 
Both in amended and unamended soil potassium availability 
generally increased with passage of time. Fluctuating responses 
due to changes in biological activity were produced with increase 
in the dose of the fumigant. 
Lastly the effect of the nematocide on nutrient availability 
and some physico-chemical properties of an Aligarh soil were -also 
examined. Though in limited doses (0 to 2,5ml per 5kg soil) it 
increased the availability of nitrogen and phosphorus, it suppressed 
potassium availability and organic matter in the soil. Also it 
increased the electrical conductivity but had no marked influence on 
the pH and calcium carbonate content of the soil. 
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GENERAL INTRODUCTION 
GENERAL INTRODUCTION 
Among tbe materials man uses, soil is of fimdamental 
importance and value to man. Some two and a half billion people 
depend upon it for food and clothing. The ancient Greeks knew the 
art of growing crops about SOO B.C. By the Buddhist period, the 
general principles of various agricultural operations such as 
« 
ploughing, sowing, irrigation etc., and of plant nutrition had been 
well understood. During the sixteenth to seventeenth centuries, an 
attempt was made in Europe to apply the knowledge of physical sciences, 
especially chemistry, to the Iniprovement of soils and agriculture. 
The problem of soil study took a new turn with the study of 
colloidal matter of soil at the begining of the current century. 
The study of crystallinity, base exchange and physico-chemical 
interactions revolutionised our ideas by unfolding the intricacies 
of soil behaviour both as an agricultural and engineering material. 
Thus, the great importance of the study of clay chemistry, soil 
chemistry and soil biochemistry was soon realised and people began 
to study soils in a scientific raeutmer. 
Soil is defined in Webster*s collegiate dictionary as 
"the upper layer of the earth which may be dug, ploughed etc., or 
specifically the loose surface material in which plants grow", 
2 Joffe , a representative of the Russian school of soil science 
defines soil "as a natural hody differentiated into horizons of 
mineral and organic constituents, usually unconsolidated, of 
variable depth, which differs from the parent material below in 
morphology, physical properties and constitution, chemical properties 
and composition, and biological characteristics". Because of the 
extreme variability in physical and chemical composition and distinct 
fflineraloglcal and chemical properties, soils are so complex that any 
attempt to give them a simple meaning is, however, something not 
easy to achieve. 
The soil is composed of five major components: water, air, 
organic matter, living population and mineral matter. Air and water 
together account for nearly half the soil's volume, the volume so 
occupied being the pore space. Organic matter contributes some 
3 to 6^ with small animals and microorganisms making up about 1% 
of the total volume. These are undoubtedly essential for crop 
production and soil fertility. 
The mineral matter, to which most of the complexities 
associated with soil investigations are attributed consists of 
particles of various sizes, those in the finer state of sub-division 
(<0.002 mm) constituting the clay fraction of the soil. The clay 
confers colloidal properties on the soil and because of its large 
surface area, it is a prominent reactive constituent of the soil 
body. Its main constituents are the clay minerals. In terms of 
microbiological effects clay minerals play a unique biological. 
role. 
Dae to ever Increasing importance of clay mineralogy in 
industry, technology and agriculture, clay minerals have been studied 
for a great many years, not only by chemists, but by investigators 
from very many different disciplines. For long clays were considered 
to be coBq[»osed of amorphous matter but extensive studies of x-ray 
% h ' i d 
diffraction patterns-^ * , electron microscopy^, D.T.A. , and infrared 
7 8 
spectra" revealed that even the finest fractions of clays trere 
crystalline in nature and made up of comparatively few and simple 
building units. The difference in the spacial arrangement of these 
units in the crystal lattices gave rise to different groups of 
clay minerals. 
It is necessary to consider some of these structures in 
brief outline in order to explain the ion exchange and adsorptive 
properties of the clays and their reaction mechanisms. Ideally 
four basic types of clay minerals are recognised. These are (i) two 
layer clays, (ii) three layer clays, (iii) four layer clays, and 
(iv) chain structure clays. 
KAOLINITE 
Kaolinite, montmorlllonite and illite, with a few less 
familiar ones are the groups of clay minerals. Kaolinite is a 
hydrous aluminium silicate of approximate composition Al^O-.aSiOg* 
2H20. Its name was first suggested by Johnson and Black*^  in 1867 
and structure was suggested by Pauling and worked out in detail 
by Gruner and later by Brindley and co-workers . In kaolinite, 
a single silica tetrahedral sheet is topped with a slightly distorted 
gibbsite sheet, both being formed by condensation and splitting off 
of water between adjoining hydroxide groups in vertex position. 
All the tips of silica tetrahedrons point in the same direction and 
towards the centre of the unit made of silica and octahedral sheets. 
The ittineral can thus be described as having 1 to 1 non-expanding 
lattice* (One layer of silica to one of alumina). Water cannot 
enter these lattices and this explains the comparatively low moisture 
content as well as low swelling of these elays. Structural formula 
may be expressed as ((^)QAl.Si.O^Q and the size of the unit cell is 
7.2A^. The general shape of the mineral is thin, plate like hexagon. 
The space lattice of the mineral is such that there is little 
substitution of ions in its structure and there are no unsatisfied 
valencies on the cleavage surface. Hence there is no adsorption of 
exchangeable'bases on its surface under ordinary conditions. Cation 
exchange capacity is insignificant (i»-iO meq/lOO g clay). 
MONTMORILLONITE 
12 The mineral was first studied hy LeChatellier and has 
been assigned the formula (0H)j^SigA1^02Q.nH20. Ross and his 
colleagues established the identity of montmorillonite as a 
definite clay mineral species. Nov the name, montmorillonite,^ „ 
is used both as a group name for all clay minerals with an 
expending lattice (except vermiculite) and also as a specific 
mineral name. Structurally the mineral consists of three layers, 
a gibbsite sheet enclosed between two silica sheets with their 
vertices pointing to each other and towards the centre of the 
unit. As in kaolinite, these layers are glued together by primary 
valence forces due to sharing of oxygen atoms in vertex position. 
X-ray studies have shown stacking of silica-alumina«silica 
units in the c direction, layers being continuous in direction a and 
b with the result that there exists a weak bond between them and an 
excellent cleavage. Water and other polar molecules can easily 
penetrate between the unit layers causing the lattice to expand 
in the c direction. The c-axis dimension is, therefore, not fixed 
but varies from 9.6A to substantially complete separation of the 
individual layers in some cases. It is for this reason that high 
volume changes in montmorillonlte are induced by moisture variation. 
Many familiar names are associated with the investigations 
on montmorillonite. These are: Hofmann, Eadell and Wilm , 
Maegdefrau and Hofmann -^, Marshall ^, Hendricks ' etc* All of 
them contributed in ascertaining the physicochemioal behaviour of 
the mineral visa vis its structure* For example Marshall and 
Hendricks showed that montmorillonlte always differed from its 
theoretical formula (0H)^SigA1^02Q*nH20; 310^66.7%, Al20_ 28.3^, 
HgO 3% because of substitution within the lattice of Al, Mg, Pe, 
2n, Cr etc., and of Si by Al or P, giving a series of group minerals* 
Opinions have, however, differed as to the authencity of the structure 
proposed by these workers. Edleman and Favejee and McConnell^ 
have suggested revisions in these structures In the light of the 
base exchange capacity data* 
ILLITE 
The name illite was proposed by Grim, Bray and Bradely^^ 
o 
in 1937 for the mica like minerals, with a lOA c-axis spacing 
which shows substantially no expanding lattice characteristics* 
The structure of the illite group of minerals follows the pattern 
21 22 O'K 
suggested by Pauling, Mauguin , Jackson and West , Winchell -* 
24 
and Hendricks and Jafferson . The basic structure of illite 
species is very similar to that of montmorillonite with the 
difference that some of Si (+4) is replaced by Al (+3) and the 
resultant charge deficiency is balanced by K ions between the 
silica sheets of two successive units. In fact the K ions act 
as bridges binding the unit layers (gibbsite enclosed between 
the silica sheets sharing the vertex oxygen between them) together 
so that they do not expand in presence of water. 
The structural formula of the mineral is given as (OH)^Ky 
(Al^Fe^Mg^Mgg)(Sig Al ) 0^^, The size of the unit cell is lOA*. 
Ismorphous substitution is possible within the lattice resulting 
in wide variation in composition. ThuS) those with very little 
replacement of silicon approach montmorillonite while those with 
replacement approach muscovite* The BEC of these clays is much 
lower than in members of montmorillonite species but higher than 
those of the kaolinite species. 
A number of other clay minerals chiefly those of the 
chlorite group, vermiculite, attapulgite and mixed layer minerals^ 
have been reported in soils. The most common^the mixed layer mineral 
are combinations of illite and montmorillonite and of chlorite and 
vermiculite. 
8 
REACTIVE SITES ON CIAYS 
oc 0*7 28 
Extensive studies Ity numerous workers '^» '» in tbe field 
of clay chemistry and mineralogy have revealed that clays cariy a 
29 highly negative substrate, though some positive ^ layers have also 
heen detected* Soil colloids thus behave as amphoteric. The negative 
surface possesses a large number of reactive spots with a wide range 
of bonding energies* These reactive sites are of considerable 
interest and play a useful role in clay-oz^anic interactions and 
plant nutrition* For the sake of convenience we can consider them 
into the following categories: 
(i) Van der Vaals forces 
This type of electrostatic interaction between atoms and 
molecules arises from the fluctuations in their electron distributions 
as the electrons circulate in their orbitals* These fluctuations 
produce instantaneous dipoles. The van der Vaals interaction is 
weak* It results in dipole-dipOle interactions, dipole-induced 
dipole interactions and induced dipole-induced dipole interactions* 
The influence of its forces is magnified in certain circumstances and 
in clays it is often responsible for the very important and often 
observed phenomenon of physical adsorption. 
Often the forces involve disruption of the local liquid-water 
structure and are responsible for holding the ions or molecules 
temporarily on the clay surface* A survey of literature will show 
that the mechanism considered to be involved in the adsorption of 
certain herbicides Is due to van der Waals forces*' . Jung"^  has 
drawn the conclusion that the attraction between the humate and clay 
was caused primarily by van der Waals forces. Cashen-^  has shown 
that ions with long hydrocarbon chains are held by van der Vaals 
forces in addition to the electrostatic field. According to Hower^ -^  
non-ionic molecules, especially, the non-ionic surfactant are 
adsorbed by montmorillonites due to van der Waals attractive forces 
and hydrogen bonding. 
(Ai) gydrogen bonding 
hydrogen bonding arises from electrostatic forces between the 
positive and negative ends (dipoles) of different molecules of the 
same species. Though much stronger, in a way, it is a special case 
of van der Waals forces. It would, however, be incorrect to describe 
it as van der Waals attraction. It is weaker than a covalent bond. 
Many organic and inorganic molecules are bound to clay surfaces 
through H bonds. Lateral and planar OH groups on clays often provide 
good spots for hydrogen bonding with nitrogen, oxygen and flourine 
often present in organic pesticides and other compounds. Polar 
10 
molecules such as those of pyridine and nitrobenzene replace water 
from the outer spheres of coordination forming hydrogen bonds. When 
the exchangeable cation is ammonium, coordination is through hydrogen 
•54 
bonding-* , By virtue of their structure clays possess hydroxyl 
and surface oaygens on their surface which can form hydrogen bonds 
with organic molecules. 
(ill) Surface oxygens 
The active oxygens are those with only one link to silicon 
and hence are those at the edges of the chains and at the tips of 
tetrahedrons. Polar molecules ••^*'^  are often held to the clay surface 
through a C-fi....O bond. Organic compounds with a N~H group can be 
57 
adsorbed through hydrogen bonding between the basic amino group*" 
and the oxygen of the clay surface. Monovalent alkali cations have 
a marked tendency to be closely associated with -the oxygen surface of 
the silicate layers. Mitsui and Takotoh*^  concluded that the amino 
radical of urea formed hydrogen bond with oxygen of the clays. 
(i*^ ) Planar tmd lateral OH grouys 
An examination of several reactions between dry clays and 
organic compounds suggest that OH groups^^ exist on the clay surface. 
40 Infrared and other studies of the hydroxyl groups have definitely 
11 
indicated that these groups in cl^s can De designated into three 
classes (a) outer hydroxyls (h) inner surface hydroxyls and (c) 
inner hydroxyls. These groups are supposed to account for the 
cation exchange capacity and several reactions of the montmorillo-
nites with organic compounds* 
(v) Exchangeable cations _ 
The claor lattice carries a net negative charge which is 
compensated by cations which are located on the unit layer surfaces. 
In presence of water, these compensating cations have a tendency to 
diffuse away from the layer surface since their concentration is 
smaller in bulk solution. These compensating cations act as the 
counter ions of the double layers and are exchangeable for other 
41 
cations. Way concluded that the replacing power of the common ions 
was Na < K < C a < M g ^NHj^. Later studies, however, showed that 
there was no single universal replaceability series. It varied 
depending upon the experimental conditions, on the cations involved 
and the kind of clay material. 
Organic cations can replace the inorganic cations causing 
exchange adsoz^tion. There appears to be a strong preference of the 
clsy for the organic cation. Both internal and external sites are 
occupied. The exchangeable cations can sometimes form coordination 
12 
complexes^^ with the adsorbate like urea and other organic bases 
such as nlcotlne^-^*^^. Pyridine forms a strong coordinate bond 
94. 
with exchangeable Cu • 
(vi) Vater of hydration around cations 
Hydration of adsorbed cations in clay water systems is a 
matter of much controversy. Weigner and Jenny ^ and later Alton and 
Kurmies have presented strong evidence that hydration is ioiportant 
in reactions. Thus, replaceability is related to polarization of 
the ion. Coordinated water is capable of producing a bridging effect 
47 
as in the case of certain pyridine metal complexes . Polar organic 
molecules often readily displace water in outer spheres of coordina-
tion round monovalent and divalent cations which then form hydrogen 
48 bonds with the directly coordinated water. 
(vii) Clay minerals as electron acceptors and or donors 
Certain clay minerals have the ability to catalize the 
polymerization of some unsaturated organic compounds and yet to 
inhibit polymer formation from other closely related monomers. This 
apparently contradictory behaviour of the clay minerals cem be 
rationalized in terms of electron accepting and electron donating 
sites in the silicate layers* The electron acceptor sites are 
13 
aluminium at czystal edges and transition metals in the higher 
valency state in the silicate layers; the electron donor sites are 
transition Bieta'ls in the lover valency state. The catalized 
polymerizations involve the conversion of the organic molecule to 
a reactive intermediate; thus where the clay mineral accepts an 
electron from the vinyl monomer a radical-cation is formed, where 
the organic compound gains an electron it forms a radical anion. 
The colour reactions on clay minerals are useful in 
predicting the electron accepting or electron donating hehaviour of 
the clay minerals because they proceed hy mechanisms similar to the 
polymerization reactions* For examplCf the henzidine hlue reaction 
is a one electron transfer from the organic molecule to the electron 
accepting sites in the mineral td^ ich may he aluminium edges or 
transition metals in higher valency state. 
Solomon et al. ^ , have postulated the presence of oxidising 
sites at the edge surfaces. These sites consist of the aliuainium 
in octahedral coordination exposed at the crystal edges acting as 
electron acceptors. 
.(viii) Lewis acid and hronsted acid sites 
It has been known for many years that the adsorption of 
14 
certain organic compoiinds by clays gives rise to the formation of 
coloured conrplexes"^  ' • This observation ims ascribed to either 
acid base interactions or to oxidation reduction reactions. The 
former situation obtains with acid washed clays acting as proton 
donors (Bronsted acids). Oxidation reduction reactions on the other 
hand| are little influenced by either acid or base pretreatment of 
the clay. In this instance, the operative mechanism is one of 
electron transfer from the adsorbed species to the clay acting as an 
electron acceptor (Lewis acid). Following Briegleb^ such association 
between clays and organic compounds may be described as electron-
donor-acceptor complexes. Cation exchanged clays when dried to a 
low water content can also behave as strong Bronsted acids, the 
reactive protons deriving from the dissociation of residual water 
molecules due to the polarization by the exchangeable cations"*^ . 
In the colour reactions of clays with organic molecules, both Lewis 
and Bronsted acidity are involved and in some instances it is difficult 
to distinguish between them clearly. 
Mapes and Eischens^^ have used the infrared spectrum of 
ammonia chemisorbed on cracking catalysts to differentiate between 
Lewis and Bronsted type acidic sites. Parry^° found that there 
were no Bronsted sites on the surface of alumina strong enough to 
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react with pyridine, although Eischens and Pleskin-" had previously 
reported that Bronsted sites on alumina were strong enough to react 
vlth ammonia. 
(ix) Charge~transfer interactions 
Studies have revealed the formation of charge-tremsfer 
58 
complexes hetveen diaquat and paraquat and montmorillonite . A 
similar change in vibrational frequencies on pyridlnium ion charge-
5Q trcmsfer complexes formation with anions have heen observed by Coolc^ ,^ 
It has been recently shown that benzene^ *^ and methyl substituted 
benzenes can complex Cu(Il) montmorillonite through donation of TX 
electrons forming charge-transfer complexes. 
ADSORPTION 
The tens adsorption is used to describe the existence of a 
higher concentration of any particular substance at the surface of 
liquid or solid than is present in the bulk of the medium* Desorption 
is the opposite process, that Is, the replacement or release of an 
adsorbed ion species. Increase of concentration at a surface is 
termed positive adsorption; decrease of concentration as negative 
adsorption. 
Chemically soils are alumino-silicates and as such characterised 
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by possessing exposed surface layers rich in oxygen atoms and 
hydroxyl groups. Itaese surfaces are basically highly polar in 
character and possess an Intense residual force. Generally these 
forces are responsible for holding the other ions or molecules at the 
surface temporarily or permanently depending on the nature of the 
forces operating at it. Residual valence forces, dipolar attractions 
or ai^ other physical forces of the van der ¥aals type lead to 
adsorption whereby the molecules are held temporarily, whereas 
chemical or electrostatic forces give rise to permanent building up 
and UK)lecules stay permanently on the surface. Bradley and Grim ' 
believed that the ooulombic forces were further supplemented by 
C~H....O bonds between organic molecules and day mineral surfaces 
and that the organic molecules arranged themselves in parallel layers 
between the structural sheets of clay mineral and lied as flat as 
possible. 
Exchange adsorption is generally observed in the case of 
inorganic ions. Organic substances, however, behave differently 
when brought in contact with the soils. These substances although 
undergo exchange reactions with clay, part of the organic compound 
may also enter into the interlamellar spaces resulting in the 
formation of organo-clay complexes. Such interactions have found 
many practical applications ranging from measurement of base exchange 
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capacity to the total internal and external surface area of soils 
ana clays. Adsorption reactions are important in break-down or 
alternation of minerals because they accelerate other reactions, such 
as the exchange, interchange and the oxidation^ • The property of 
adsorption also plays an importatnt role in soil fertility. It is 
due to this property that a soil is able to hold water and plant 
nutrients and keep them available for the use of the growing plants. 
Soluble substances added to the soil in the form of fertilisers and 
pesticides are retained in it because of the power of adsorption that 
soil colloids possess; otherwise they would be lost from the soil 
through leaching or evaporation. At the same time, this property 
enables plemt nutrients to be retained in the soil in an available 
form. Several investigators have demonstrated the effect of clays 
on the adsorption and pesticidal action of the substituted urea 
herbicides. Muoh of this work has been reviewed by Bailey and White^^, 
Jenny and Reltmeier " have shown that the energy with which 
various cations are held on the surface of the clay was determined 
by the effective size of the ion and that the energy of adsorption 
determined the potential of the particle and the stability of the 
suspension. 
The presence of recent review articles on the adsorption of 
18 
pesticides ty soil colloids^^ and the nature of clay organic 
complexes"' clearly point out the importance of pH and the chemical 
character of the adsorhate on the nature and extent of adsorption. 
Barter and Ahlrich^ have suggested that the tendency of many organic 
confounds now used as pesticide to he adsorbed or move through the 
soil is highly dependent upon colloidal surface acidity as well as 
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upon the stereochemistry of the compound itself* Nearpass has 
shown that adsorption of simazine and altrazlne could he decreased 
by raising the pH of soils. 
Numerous studies have heen conducted to characterize triazine 
adsorption on soils and clay minerals, particularly with respect to 
70 71 triazine basicity and the acidity of the system' *' • Triazine 
adsorption on pure clay minerals such^montmorillonite, increases with 
decreasing pH as the triazine is protonated. 
Soil organic matter was singled out by most research workers 
as the predominant determining property in the adsorption of pesticides 
72 7*5 
by the soil' • Mustafa and Gamar'^ concluded that CEC or specific 
surface area of the soil colloids can accoimt for the variability of 
diuron adsorption in arid zone soils* Several correlation studies 
have been conducted in an attempt to determine the soil properties 
that govern the adsorption of diuron and other substituted urea 
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herbicides' in soils. Saltzman and Yaron'^ indicated the influences 
of soil mineralogy and organic content on the adsorption process of 
parathion hy soils. Harris'^ noted an increasing toxicity of parathion 
with increasing soil moisture content. Information on the influence 
of water and temperature on the adsorption and desorption of another 
two weakly polar insecticides, such as lindane and dieldrin, were 
77 78 
recently reported hy Spencer et al.", Spencer and Cliath' • Recent 
70 80 Si 
studies by Brindley and coworkers^* , Badder and Smith have 
shown that water acts in competition with organic material for sites 
on the clay surface. In such cases, the pH of the suspension would 
influence the adsorption characteristics of clays. 
IB^ drogen bonding was proposed as a mechanism for the complex 
foirmation, based on the observation that both C-0 stretching and 
N-H bending frequencies changed with complex formation. liailach and 
82 Brindley on the basis of x-ray diffraction data, have hypothesized 
a hydrogen bonding mechanism for absorption of purines and pyrDacLdines 
by montmorillonite. Where meilal cations occupy the exchange sites 
of montmorillonites, orgtmic molecules containing carbonyl group may 
be bonded to the surface either by the formation of a coordination 
compound "^  or by hydrogen bonding through a water "bridge" to the 
85 
exchange cation. Hower concluded that non->ionic organic chemicals 
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are also adsor1)ed t>y montmorillonite, but the adsorption mechanism 
was due to hydrogen bonding and van der Waals attraction forces. 
More work is, however, needed to investigate the mechanism of 
adsorption of non-ionic polar pesticides. 
ADSORPTION ISOTHERMS 
Equations which express, for a constant temperature, the 
relation between the amount of a substance occupying unit area of an 
interfacial region and the concentration in the continuous phase are 
called adsorption isotherms. Adsorption isotherms provide information 
on the mechanism of adsorption and may be used to calculate thermody-
namic quantities such as the apparent heat of adsorption. In addition 
equilibrium adsorption measurement provide the distribution equations 
or coefficient needed to predict the nature of pesticide movement 
through soils. Several equations have been devised to represent 
adsorption data. The Freundlich isotherm is one of the first equations 
proposed to relate the amount of material adsorbed to the concentration 
of the material in the solution. A variety of substances, including 
phenol, succinic acid, the simpler aliphatic acids and bromine were 
adsorbed by charcoal from dilute aqueous solutions* Measurements were 
made mainly of adsorption isotherms, which, for the dilute solutions 
followed the equation-
S = KC^ /** ( i ) 
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86 Equations of the same form had earlier heen used hy Kuster to 
describe the partition of iodine between a solution in aqueous 
87 potassium iodide and starch, by Boedecker to describe adsorption 
88 
by soil and by others . These equations describe two different 
adsorption process-(i) ion-exchange, and (ii) physical adsorption. 
The Freundlich isotherm fails if the concentration of the adsorbate 
is too high. It was found to describe the behaviour of adsorption 
only approximately* 
A model for the chemisorption process was presented by 
Langffiuir in 1916. According to him, in the case of chemisorption 
the adsorbed layer was unimolecular in thiclmess and there existed a 
dynamic equilibrium between the adsorbed and unadsorbed gas molecules. 
Langmuir was able to derive an adsorption isotherm equation for the 
data of unimolecular adsorption. It may be written in the form 
V = - * - (2) 
x/m S KS 
A B.E«T. procedure has been used also for the uptake of polar 
molecules by swelling clays ^*^ . Orchiston^ interpreted vapor 
pressure measurement on montmorillonlte saturated with various cations 
in this way. He found a close correlation between the values of 
concentration and the Ionic hydration energies for different exchangeable 
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cations* This correlation afforded a further connection hetveen 
adsorption properties and electrochemical behaviour in the clay group, 
The B.E.T. method was first applied to soil system by Nelson and 
Hendricks . Brunauer, Emmett and Teller derived the B.E.T. 
equation 
1 (c ~ 1) p 
+ ( 3 ) 
V (Po - P) V*^ V^o 
It was pointed out hy Willard Gihhs that the concentration 
of a solute at the surface of the liquid could be greater than in 
the bulk of the solution. The thermodynamic relationship expressing 
this behaviour is usually referred to as the Gibbs adsorption equation. 
This equation is 
~ ^ ( 4 ) 
RT d^ 
None of these concepts, however, could explain the results 
of adsorption in different cases. It was tacitly assumed that the 
second component was not involved in the adsorption process and 
could be regarded merely as a space in which the solute has play. 
This concept is now no longer tenable. Preferential or selective 
adsorption of the second component is found possible and an equation 
23 
• 
for a composite isotherm is proposed as follows: 
-2 a nf (1-x) - n| X ( 5 ) 
This equation is found applieahle to adsorption from all solutions, 
of t^atever concentrations and can also account for multilayer 
adsorption^ • Thus, in a few cases it is found that although the 
composite isotherm had a linear section yet the adsorption is two 
molecule thick^ "^ * During chemisorption process it is normally supposed 
that preferential physical adsorption of one component occurs on the 
top of the first layer. To account for such cases the ahove equation 
is modified to give 
- ^ ~ ; r ~ "^  "^^ l^ chem * ^^ l^^ phys <^ -^ > " *^ 2 ^  . . . . ( 6 ) 
In general, composite isotherms show a smooth variation with 
composition of solution. In some cases, however, steps and sharp 
discontinuities are ohserved. These are attributed to the appearance 
of a second layer of adsorhate on the top of the first"^ or due to a 
phase change in the adsorhate. Sharp breaks in the isotherms can 
also he due to the change in the orientation of the adsorhate. 
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Venturello^^ has published a series of the papers in which he has 
presented such isotherms for adsorption by inorganic solid, alumina, 
silica gel, magnesium hydroxide and calcium carbonate from solutions 
97 98 
of dye stuffs in water and of iodine in organic solvents^'»^ , It 
is suggested that different parts of the isotherm correspond to 
adsorption on sites of differing energy due to heterogeneity in the 
surface. 
A classification of the different isotherms obtained during 
99 
adsorption was proposed by Giles . The Langmuir 'L* type curve was 
.obtained when there was no strong competition from the solvent for 
sites on the surface smd the adsorbate had linear or planner molecules, 
A *S* shaped curve was obtained if the solvent was strongly adsorbed, 
there being a strong intermolecular attraction within the adsorbed 
layer and the adsorbate was mono functional. An *H* shape occurred 
when there was high affinity between the adsorbate and adsorbent as in 
very dilute solutions during chemisorption or during adsorption of 
polymer or ionic micelles. A 'C* type curve was obtained when there 
was constant partition of the adsorbate between the solution and the 
adsorbent as in textile fibres. 
A number of isotherms show steps as has been discussed above. 
In general the steps appear to mark a phase change in the adsorbed 
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layer or the onset of the formation of a second molecular layer 
after completion of the first. A less common shape involved is a 
wave. The change in slope occurs at a small value of adsorption and 
can indicate a form of cooperative adsorption, which indicates 
some degree-of deformation in packing in the crystalline state. 
Plateaus and maximas have been observed in adsorption isotherms, 
A long plateau in the adsorption isotherm is indicative of the fact 
that a high energy harrier has to be overcome before additional 
adsorption can occur on new sites after the surface has been saturated 
to the first degree. The solute has high affinity for the solvent, 
but low affinity for the layer of solute molecule already adsorbed. 
It is perhaps significant that adsorption of ionic micelles give 
curves with long plateau; in these cases the surface of the solid, 
when covered, will tend to repel other mycelles holding the same 
charge, 
A short plateau must mean that the adsorbed solute molecules 
expose a surface which has nearly the same affinity for more solute 
as the original surface had. Second rise and second plateau are 
attributed to the development of a fresh surface on which adsorption 
can occur, the second plateau representing the complete saturation of 
the new surface, though this stage is not always realisable. 
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Occasionally a fall in slope occurs after the first inflection. This 
is probably due to association of the solute in solution i.e., with 
increase in concentration the solute-solute attraction begins to 
Increase more rapidly than the substrate solute attraction. 
CLAY ORGANIC REACTIONS AND REACTION MECHANISM 
Investigations of clay material in many different fields for 
many years have produced evidence of some kind of a reaction between, 
the fundamental components of clay and organic material* For example, 
iOl 
early literature on decolourising oil with clays refers to the 
adsorption of some components of the oil during the process and to 
changes in the nature of the oil as a consequence of decolourisation. 
Students of soils in the field of agriculture have presented 
evidence for some sort of inorganic-organic combination in many soils. 
102 For example, Demolin and Barbier showed a definite fixation of humic 
acid and protein by clay. Mattson -^  demonstrated a reduction in base 
exchange capacity by oomplexing clay with proteins. Sedletsky 
investigated the matter in considerable detail and concluded that many 
soils contain clay mineral-organic complexes. 
The structure of the clay particles provided a new basis for 
studying clay-organic reactions, and since the early 1930's a large 
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amount of work has been done on this problem, and the character of 
clay mineral-organic reactions has now been fairly well established* 
Thus, in 1934, Smith reacted organic bases and their salts with 
montmorillonites and presented evidence that the reaction was one of 
ion exchange. Gieseking and Jenny ^showed that methylene blue 
107 
replaced sorbed cations in certain clays and later Gieseking ' and , 
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his colleagues showed definitely that organic ions enter into 
cation exchange reactions with the clay minerals, particularly with 
montmorillonite. 
AtLsorption of organic molecules as a result of protonation 
occurs in a variety of ways* In partially exchanged systems, a 
segregation may occur of the two kinds of cations in different layers 
with the formation of interstratified structures* Besides external 
protonation, internal pzxjtonation can occur by various mechanisms 
such as (i) by H ions occupying exchange sites, (ii) by dissociated 
water molecules associated with metal cations, and (iii) by proton 
transfer from another cationic species already present* Water, 
particularly in trace amounts, in montmorillonites containing cations 
with high electric fields, may be highly dissociated and proton may 
be donated to an organic molecule or may serve as a *brldge* between 
the cation and organic molecule* When the amoimt of an absorbed base 
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exceeds the protons available for eation formation, the additional 
organic may be held as neutral molecules, or a strong symmetrical 
hydrogen bond of the type (B H* B) may be formed. 
Another class of complexes involve cation dipole reactions 
between the inorganic cations and dipole groups of the organic 
molecules* A particularly interesting type of complex was described 
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between aromatic molecules and Cu ions through the electron system 
of the organic molecules* Brindley and Atsumu indicated that the 
neutral molecules were adsorbed in amount related to the exchange 
capacity of the clay probably by cation-dipole interactions. The 
results were consistent with the formation of complexes Li - R and 
2'f 2'¥ 
and E - Ca - R for the three organic materials used; Cu ions behave 
like Ca2+ ions for dioxane, but form ••• Cu — R complexes with 
morpholine and piperidine. Under acid conditions, morpholine 
piperidine fom organic cations RH which take part in cation exchange 
reactions. Neutral molecule absorption also occurs by virtue of the 
presence of RH ions on the clay which form RH'*' - R complexes* When 
this last mechanism of adsorption occurs, the total absorption is 
approximately twice that when a cation dipole reaction or cation 
exchange alone operates* It was shown that in soil water-parathion 
system, an ion->dipole or coordination interaction occurs between the 
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adsorbed non-ionic, polar molecule and clay, either directly or 
through a water bridge °. 
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Bradley and MacEwan showed definitely that the nonionic 
organic molecules of polar character could be adsorbed by the clay 
minerals. These investigators also considered the nature of the bond 
between the nonionic organic molecules and the clay minerals. In a 
recent review on clay organic complexes, Mortland considered that 
the water content of the system is one of the principal factors in 
determining the nature of the interaction between nonionic, polar, 
organic molecules and clays. He pointed out that the adsorption 
mechanism in aqueous suspensions is quite different from that which 
occurs in dry systems. 
The adsorption of organic cations is sometimes not limited 
to an amount equivalent to the cation exchange capacity of the clay 
111 
e.g., for a quartemary ammonium compoumd with a long chain and 
a montmorillonite clay, adsorption of about 2^ times the cation exchange 
capacity of the clay has been observed. The excess of the organic 
salt is physically adsorbed by van der Waals linking of the hydrocarbon 
chains of the exchange adsorbed cation and those of the excess organic 
molecules. The ionized groups of the physically adsorbed molecule 
will point towards the water phase. Inspite of this voluminous work, 
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however, further studies on the retention of complex pesticides by 
clays are in need of investigation and can he usefully undertaken. 
ELECTROMETRIC TITRATION OF CLAYS 
In the early 1920's it was not certain, whether the acidic 
properties of certain clears should he ascribed to the adsorption of 
acids or to an inherently acidic dissociation of mineral surfaces• 
The clay acids from midwestem subsoils and their investigation by 
potentiometric and conductometric methods settled the matter* This 
proof clearly furnished by Bradfield's experiments, marked the begioj^ ng 
of electrochemical investigations on clays. It was shown that acidic 
clays were in some ways analogous to weak acids in solution, that they 
could be titrated with bases to fairly well defined end points, and 
that changes in pH and in conductivity during the course of such 
titrations could be interpreted in terms of a weak acid model* Certain 
reactions of the clays could then readily be explained* Thus the 
exchange of a clay acid with a salt could be regarded as a problem 
involving the distribution of a base between two acids of different 
strengths* 
Both conductometric and potentiometric titrations with clays 
may be usefully employed for characterising and classifying the clay 
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minerals. The latter have b.een more usefully- employed in character-
ising the soil^ acids. Starting with the pioneering investigations 
112 11*5 
of Bradfield » one comes across the vork of Baver and Scarseth -^, 
114 ll*> Denison , Mattson -^  and others, who in their own way contributed 
towards the interpretation of the titration curves and the nature of 
soil acidity. Both titrations give idea ahout the situation and 
geometrical distrihution of ions in the diffuse double layer and the 
presence of sites having different bonding energies upon the clay 
surface. These can be attributed first to difference in valency, 
second to size factors in relation to the geometry of the silicate 
surfaces and third to cationic hydration or polarizability, which 
expresses the relationship to solvent-molecules. The inflections in 
the curve show the nature and extent of adsorption. 
The pH and electrical conductivity titrations play an important 
role in determining the nature of clay organic reactions and confirm 
complex formation. They sometimes indicate the bonding mechanism which 
will occur between the organic molecule and clay.. Several workers ^ »**' 
noted the equilibrium pH and found it to decrease upto two pH units 
which were indicative of the protonation and coordination of organic 
molecules on the surface of the clegr lattice. 
The distinction between charge transfer complexes and sigma 
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complexes were also characterised by change in the conductance. 
Marked electrical conductivity changes showed the formation of sigma 
complexes , whereas the charge-transfer-complexes were non-conduct-
ing^l^ 
X-RAY DIFFRACTIOS 
X-ray diffraction is now an accepted physical method for 
investigating clay minerals and is often used with other physical 
methods such as electron diffraction, electron microscopy, D.T.A,, 
infrared spectroscopy and petrographic examination for crystallographic 
and phase studies. By far the most widespread application of the 
x-ray methods are for identification, phase analysis and the like. 
The examination also includes the study of distorted crystals, faulty 
or mistaken structures of various types, small crystallite sizes, line 
broadening strain, and nature and mechanism of clay organic reactions. 
The diffraction method is non-destructive and requires only small 
amounts of mat'erial. 
The basic principle underlying the identification of materials 
by x-ray is that each crystalline substance has its own characteristics 
atomic structure which diffracts x-rays in a characteristic pattern. 
The recognition of the pattern establishes uniquely the diffracting 
substances * 
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X-ray studies have played a vital role in clay mineral 
120 121 122 
researches as reported hy Brindley , Buerger , Wilson and 
others• They have proved valuable in investigating the mechanism of 
adsorption of organic compounds on clays• Thus mono- or multimole-
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cular adsorption has heen studied, Lailach and Brindley have 
hypothesized a hydrogen bonding mechanism for co-ahsorption of purines 
and pyrimidines by montmorillonite. Planar and edge complexes have 
124 been investigated and orientation studies carried out from basal 
thicknesses observed by x-rays. 
INFRARED SPKCTROSCOPY 
Atoms which are grouped together in molecules do not remain 
at rest but are in continuous vibration. Such vibrations produce 
periodic displacement of atoms with respect to one another, causing 
a simultaneous change in interatomic distances. The frequency of 
vibration fall within the range of 10 -^  to 10 cycles per second, 
which is of the same order of magnitude as the frequency of infrared 
radiations* Vibrations which are accompanied by a change in dipole 
moment give rise to the absorption of radiations in the infrared region 
of the electromagnetic spectrum. Several modes of vibration may occur 
for a particular atomic group, each at a characteristic frequency and 
normally independent of the other modes. 
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Infrared studies on clays have been directed towards character^ 
izing the types of clay mineral that occur naturally in soils, and to 
ohtalning information on the surface properties and reactivity of these 
minerals. As with all physical methods of investigation, the achieve* 
ment of these aims has required the solution of many problems of 
technique and interpretation that are raised by the method of investi-
gation itself. Infrared spectroscopy can be used to obtain structural 
information concerning both inorganic compounds adsorbed on clays. 
Infrared spectroscopy has given an exceptional insight into 
the mechanisms of adsorption phenomena. The adsorptive forces modify 
the vibrations of adsorbed molecules, or new molecular species may be 
formed, as when bases are converted to their protonated cations, so 
that several types of adsorption can be distinguished in a single 
system; sometimes the sites of adsorption can be identified by the 
perturbation of the vibrations of the adsorbent. Small perturbations 
of the infrared absorption pattern are best seen with adsorbed molecules 
whose absorption bands are sharp, and the interpretation of the 
changes can only be made when the nature of the vibrations are under-
stood; preferably the perturbed vibrations should be localized on the 
atoms or groups which participate In the adsorption bonds, but coupling 
with other vibrations of the molecule is a common complication. 
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Coxrsequently adsorption studies are often made with molecular species 
which are not of direct interest to soil science, hut the conclusions 
reached huild a powerful conceptual frame-work, within which results 
ohtained with more complex molecules find a natural place* 
Even in favourahle situations, more than one model may he 
possible to account for the spectra ohtained, and clarification may 
require studies under high vacuum, or at elavated temperatures. 
Parallel investigations of the deuterium form of hydrogen-containing 
species may he necessary and complete confidence in interpretation often 
requires studies on many analogous systems* Accidental contamination 
with ammonia and other constituents of the laboratory atmosphere is 
often difficult to avoid, and has led to misinterpretations* An 
infrared investigation of adsorption phenomena cannot, therefore, he 
lightly undertaken. 
Difficulties can arise, too, in preparing the adsorbent in a 
suitable form, with a high surface area and good infrared transmission* 
The oriented films normally used can permit the orientation of 
adsorbed molecules relative to the silicate layers to be determined* 
Work has concentrated on montmorillonite, and for this mineral a fairly 
full picture of adsorption mechanisms is now available* This picture 
places emphasis on the role of the exchangeable cation in adsorption 
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phenomena, while interactions with surface oxygens are considered 
to he weak. Before infrared results hecame availahle, hydrogen honding 
to surface oxygens was often considered to pAay the major role in many 
adsorption phenomena. In addition, as a result of infrared studies, 
the concept of surface acidity in clays has achieved some prominence. 
The most direct evidence that the surface oxygens of the 
lattice are weak electron donors, and so form only weak hydrogen bonds, 
comes from the high HH stretching frequencies of ammonium and substitu-
ted ammonium ions in layer silicates when water of hydration is 
absent ^* ", Evidence for weak hydrogen bonding to lattice oxygens 
also comes from the OH and OD stretching frequencies of light and heavy 
water in layer silicates. 
Three different mechanisas have been well established by infra-
red spectroscopy for the adsorption of polar molecules on layer silica-
tes; all involve the exchangeable cations. These are (a) direct 
coordination to the cation, (b) indirect coordination through a bridg-
ing water molecule, and (c) conversion of adsorbed bases to the proto-
nated cation. Of these, mechanism (b) was perhaps the most unexpected, 
but the extent of reaction (c) has also been surprising. 
127 Cloos et.al. ' investigated the infrared spectra of several 
37 
simple amino acids adsorlsed on sodium-, calcium- and hydrogen-
montmorillouite and determined that protonated cations containing an 
NH- group and a COOH-group were the dominant adsorbed species. 
Recently, Jang and Condrate investigated the spectra of *C amino 
acids adsorbed on transition metal-substituted montmorillonites, and 
determined that both bidentate chelate and monodentate complexes can 
be present in the interlamellar spaces. They also showed the trend 
and the location of the sysmetric carboxyl stretching mode present, 
12Q -i 
Mortland observed a band near 1730 cm for Ca and Mg 
saturated montmorillonlte- urea complexes •• He suggested that this 
band could come from a co-stretching vibration greatly increased in 
frequgncy due to coordination through the urea nitrogen. Farmer and 
l?iO Ahlrich^s "^ found in the urea-Ni montmorillonlte system that the CN 
stretching vibration had Increased and the CO stretching vibration 
decreased as compared to the Ca-clay system Indicating a stronger 
coordination through the oxygen of urea in the Ni-system. 
The infrared spectra of interlamellar kaolinite complexes 
with foinnamide, N-methyl formamlde and dimethyl formamide have been 
examined* The spectra showed that the amides form hydrogen-bond, 
through the CsO group of the amide to theiJbner surface kaolinite 
hydroayls and decrease the Intensity of the kaolinite "V" (OH) bands. 
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Hydrogen-tjonded kaollnlte hydroxyl bands appear at lower frequencies 
and these have been correlated to the original kaollnite "V" (OH) bands. 
Thus infrared studies provide useful information in the elucidation 
of the mechanism of adsorption in some vezy complicated systems like 
the clay-organics. 
PESTICIDES, THEIR NATURE AND CLASSIFICATIOK 
One of the most valuable assets of our country is agriculture 
which is surrounded by many enemies, amongst which insect pests play 
a very important role* For the successful protection of the crops 
against these enemies, proper agricultural practice, proper manuring 
and proper irrigation are essential. 
Just like fertilisers, the fungicides, insecticides and 
nematocides have become very popoilar with the progressive farmers 
interested in obtaining high yields of crops. Generally pesticides 
are applied directly to the crop or incorporated into the soil. Regard-
less of how the pesticides are applied, all reach the soil. Some 
pesticides may be absorbed by plant leaves and subsequently transloca-
ted to the roots -'and some of the pesticides or its metabolites may 
reach the soil through crop residues. 
Thus the pesticides are being continuously incorporated into 
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the soils. During the decomposition of these pesticides^innocous 
products are frequently being liberated and occasionally the metabolic 
products are as toxic and sometimes even more inhibitory than the 
substance from which they are derived* Indeed, some of the materials 
that are added to soil are themselves largely or entirely non>toxic, 
but they are converted mlcrobiologlcally into the active principles ^^, 
Pesticides show variable adsorption in the soil as a result 
of variation in the environmental factors, such as climatic influences, 
texture, clay mineral composition, moisture level, alkalinity, salinity 
pH etc. Sorption by the soil often increases the persistance of a 
pesticide, although this pehnomenon may sometimes render it inactive. 
The interaction of pesticides with soil particles may lead to physico-
chemical changes, causing inhibition of nitrification, an increase or 
decrease in COg production, and nutrient availability to plants. 
Their desorption by leaching or volatalisation and their residual 
products may influence soil properties. 
The number of pesticides required for public health programmes 
and for controlling house-hold pests is rather limited in number, but 
for agriculture their number is substantially large because our crop 
plants are affected by over 200 major insect pests, about 100 plant 
diseases, hundreds of weeds, and other pests like nematodes, harmful 
birds, rodents and the like. According to the latest information 
more than 900.pesticides are now available in the world market and the 
number is constantly on the increase. These pesticides are classified 
into main groups as follows: 
!• Insecticides: 
^^ ^ Joo^gaalc: Calciuat arsenate, ealeium fluo-silicates, calomel, 
^^) Organic; D.D.T,, B,H*C., aldrin, toxaphan, chlorodOLne^  lindane, 
malathion, parathion, nicotine, pyrethrum,etc. 
II» Fungicides; 
(a) Inorganic: Bordeaux mixture, cuprous oxide, nickel chloride, 
lime, sulphur, mercuric chloride,etc. 
(*) Organic; Organic mercurials, thiocarboiiate, dithiocarbamates, 
thiourea derivatives,etc. 
III. Rodenticides: 
Coumafuryl, zinc phosphide,etc. 
IV. Veedicides: 
2,4i-D, S-trlazlnes, diquat, paraquat, etc. 
V. Nematooid^: 
Nemagon, D-D mixture, EDB, DBCP, telone, brozon, dorlone, dowfume, 
methyl bromide,etc. 
Organic pesticides contain reactive groups such as -OCH_, 
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-SCE-, -OCgH-, -S CgO-, -OH, -COOH, -F, -CI, -Br and N-H. The ionic 
polar pesticides tend to decompose or hydrolyse in presence of water, 
liberate the ahove reactive groups which could react with the surface 
of the clay lattice. Several mechanisms have been postulated for the 
ionic polar pesticide interaction with olssys. Mainly these include 
physical adsorption by van der Vaals forces, hydrogen bonding, complex-
es, protonatlon, coordination and cation exchsmge reactions. However, 
the information about the interaction of non-ionic polar pesticide 
with clays is rather meagre. 
THE PROBLEM 
The studies described in this thesis have been carried out 
from two angles. The first part of the wozic which is fundamental is 
an examination of the mechanism of adsorption and interaction of 
l,2-dibromo-3-chloropropane (nemagon) with some clay mineralsZ' TAiile 
this aspect of study with ionic pesticides have been extensively 
investigated, relatively little work has been reported on the mechanism 
of adsorption and interaction of non-ionic pesticides with clay minerals. 
Clay minerals are the most reactive components of montmorillo-
nitic, illitic and kaolinitic soils which occur so widely all over the 
world. Nemagon is widely used for the control of nematode and fungus 
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diseases In soils. It is a dipolar non-ionic molecule with a tightly 
bonded structure* It was considered that a study of the adsorption 
and interaction of nemagon on clay minerals will he extremely useful 
hecause processes such as effective pesticidal action, binding, 
persistence, chemical and hiodegradation, leachahility and translocation, 
physico-chemical behaviour, nutrient availability, toxicity and 
pollution effects depend to a considerable extent on the nature of 
adsorption of the organic chemical on the silicates. '^ variety of 
techniques such as adsorption isotherms, pH, electrical conductivity, 
x-ray diffraction and infrared spectroscopy have been fully exploited 
for this purpose..^  
The second part of the work which is applied deals with the 
effect of the pesticide on soil and plant behaviour.v. While considerable 
information is available on the individual effects of fertilisers 
and pesticides, much is not known about the interactions of the 
fumigants with fertilisers as measured by nutrient availability in 
« 
soils, growth of plants and phytoloxicity. Similarly the effect of 
fumigants on some soil properties have not been largely investigated. 
The second part of this work, therefore, is a study of: 
( i) the effects of nemagon on the growth and phytotoxicity of 
>/ 
tomato plants in a fertilised soil, 
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( ii) the effects of nemagon on some major nutrients of a fertilised 
soil in absence of plants, and 
(ill) the effect of nemagon on some soil properties in absence of 
plants and fertilisers. 
It has been considered that studies on the above lines will be 
of considerable significance to our knowledge in the theoretical and 
agricultural fields. 
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ADSORPTION AND INTERACTION OF 1,2»DIBR0M0-5~CHL0R0PR0PANE 
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ADSORPTIOK AND INTEIUCTION OF 1,2~DIBR0M0~3~CHL0R0PR0PAKE 
WITH MONTMORILLONITE 
While the adsorption and interaction of ionic polar 
1 2 pesticides * with clay minerals have heen extensively studied in 
recent years, relatively little work has been done on the mechanism 
of adsorption of non-ionic insecticides, A study of the adsorption 
and interaction of pesticides with clays and soils is of great 
importance hecause processes such as effective pesticidal action, 
the persistence, the chemical and hlodegradatlon, the leachabillty 
and translocation and the toxicity of a pesticide depend to a great 
extent upon the nature of adsorption of the organic chemical hy the 
silicates, * although soil organic matter too has a profound 
influence on the factors. Montmorillonite is an important constituent 
of hasaltlc vertitol soils which occur so widely all over the world. 
The mineral possesses a high cation exchange capacity and has been 
known to provide heterogeneous chemically reactive spots on its 
surface in the form of exchangeable cations, sorbed water around 
cations, hydroxy1 groups and lattice surface oxygens. 
Nemagon or 1,2~dibromo-3-ohloropropane is an important 
pesticide and is used on a large scale for control of nematode and 
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fungus diseases in soils. It is a non-ionic dipolar molecule. Iti 
structure can toe represented jas follows: 
H 
Br - C % - C - CEx - C^ 
Br 
The primary objective of this vorlc was to investigate the 
mechanism of adsorption of nemagon, a typical nematocide, on suspended 
montmorillonite particles in their acid and hase saturated foxms. 
E X P E R I M E N T A L 
The clay mineral used in these investigations was montmorillo-
nite, a Mississippi bentonite, collected by Dr.Ralph J.Homes and 
verified under his direction in the mineralogical laboratories o*f the 
Columbia University by comparison with the original sample of the 
American Petroleum Institute's Project No.49. The sample was obtained 
V 
from Ward's Natural Science Establishment,Inc., Rochester,U.S.A. It 
was broken up in a mortar using a rubber covered pestle. The organic 
matter was oxidised with hydrogen peroxide and the mixture diluted with 
distilled water. The montmorillonite was then dispersed by electrical 
stirring. The suspension obtained was passed through sheets of 
Vhatmann filter paper fitted in the bowl of "International Chemical" 
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centrifuge at a speed of 3500 rpm to remove any coarse matter. The 
suspension consisted of less than 2jii montmorillonite particles. 
PREPARATION OF Na-MONTMORILLONITE 
The montmorillonite suspension ohtained above was then treated 
with sodium chloride and dilute hydrochloric acid till the concentration 
of the supematent liquid was 2N with respect to sodium chloride and 
0«1N with respect to hydrochloric acid. The mixture was shaken for 
half an hour after which the supematent acid salt solution was 
removed from the clay suspension by decantation. This treatn^t was 
repeated three times and the sodium montmorillonite suspension then 
freed from chloride ions till it dispersed and till the conductivity 
of the suspension was of the same order as that of distilled water 
(10** mho per cm). The suspension was stored in pyrex glassware and 
used when required. 
PREPARATION OF Ca«MONTMORILLONITE 
To obtain calcium montmorillonite, the sodium montmorillonite 
suspension was treated three times with normal calcium chloride 
solution. The suspension was then washed with distilled water till 
it became free from chloride ions and till its resistance was of the 
same order as that of distilled water (lo" niho per cm). 
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PREPARATION OF HYDROGEN MONTMORILLONITE 
Hydrogen saturated montmorillonlte with minimal aluminium 
was freshly preptired vide Aldrich and Buchanan's method'' from the 
Na>montmorillonite suspension hy passing it through a column of 
H>Dowex-50W-Xd cation exchange resin at a speed of 3 ml per minute 
till the pH and conductance of the suspension became constant. It 
was then quicKly used for potentiometric and conductometric titrations 
as well as for adsorption experiments to avoid €uiy ageing or decompo» 
sition of the hydrogen montmorillonite. 
DETERMINATION OF THE CONCENTRATION OF SUSPENSIONS 
The concentration of the suspension used for adsorption 
experiments was determined hy avoporating 5 ml of each suspension 
in a petri dish of known weight and diying the residue at 105°C and 
finally determining the constant weight of the residue* The 
suspensions contained 8.2g, 9*6g and 11.^g of H~, Na- and Ca> 
fflontmorillonites per litre respectively. 
DETERMINATION OF NEMAGON 
Reagents;" N alcoholic solution of potassium hydroxide, 0,02N silver 
nitrate, 0.02N potassium thiocynate, saturated solution of iron alum 
and 6N nitric acid. 
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Procedure:- 10,0 ml of the supematent liquids after adsorption 
were taken in 250 ml conical flasks and 20 ml of M alcoholic potassium 
hydroxide added in each case* The contents of the flasks were 
refluzed for 15 minutes on a water hath. 50 ml of water was then 
added to each sample. After cooling 5 ml of 6N nitric acid and 20 ml 
of 0.02N silver nitrate were added and the mixtures shaken well so 
as to precipitate.fi all the chloride and bromide. The excess of 
silver nitrate was determined by titrating against 0.02N potassium 
thiooynate using 1 ml of saturated iron alum as indicator. A blank 
titration was also carried out in the same way. The amoimt of nemagon 
was calculated by multiplying with a constant factor (1ml of 0.02N 
AgNO- a 40 X 10 ug nemagon), which was derived by plotting a standard 
curve between the nemagon and silver nitrate, represented in Fig.l. 
ADSORPTION OF NEMAGON BY MONTMORILLONITE 
The adsorption experiments were carried out by taking 5 ml 
of the acid and base saturated montmorillonite suspensions in a number 
of pyrex glass stoppered centrifuge tubes and adding various concentra« 
tions of the standard nekgiagon solution (2000 ug/ml) and adjusting the 
mixtures to a constant volume of 25 ml with distilled water. The 
tubes were fitted on a shaker and shaken for three hours each day for 
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three days at a 33 + 1 C to attain equili1>riam. The mixtures were 
then centrifuged and 10 ml the supernatant liquids refluxed with 
alcoholic KOH« The pesticide was'estimated as halide as per Volhard's 
silver thiocynate ferric alum method as given helow. All samples 
were run in duplicate* In all cases a clay hlank was included. The 
adsorption of nemagon was obtained from the change.in the concentration 
of the solution before and after contact with the clay. Adsorption 
isotherms were plotted between equilibrium concentration and mmoles 
of pesticide adsorbed per lOOg montmorillonite. The results are given 
in tables I to III and represented vide Fig«2, curves 1 to 3. 
CALCUIATION OF PARTIAL MOLAR FREE gJERGY 
The free energy changes that occurred during the adsorption 
of nemagon by the acid and base saturated montmorillonites were 
calculated from the thermodynamic relationship: 
-F « RT In ® 1« 
where R was the molar gas constant equivalent to 1.987 calories per 
degree abs. per mole; T, the absolute temperature in Kelvin degrees 
(273 + 33); In, 2.303 log ; C^, the equilibrium concentration of 
nemagon in >ig per 25 ml, and C^, the initial concentration of nemagon 
in jUg per 25 ml* 
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Values for the initial and equilibrium concentration of nemagon 
and the temperature were taken from the adsorption experiments at 
four average values of C and C^ (tables I to III) in the case of H-, 
Na> and Ca- montmorillonites. The results for partial free energy 
are given in table.IV. 
LANGMPIR ADSORPTION ISOTHIHMS 
The data obtained during adsorption were fitted in the following 
Langmuir equation: 
x/m * S KS * 
where C was the equilibrium concentration of nemagon in ppm; x/m, the 
quantity of the nemagon adsorbed in ppm, and K and S, the constants 
related to the bonding energy. A plot of these values gave isotherms 
which are given in Fig,3. 
DESORPTION OF NEMAGON 
Desorption of nemagon from the montmorillonite-nemagon complexes 
was done with HgO, KBr, KCl, KNO-, K^SO^ and Na^SO^ solutions. For 
this purpose the H-montmorillonite-nemagon complex and the Na-montmori~ 
llonite-nemagon complex prepared as described earlier were dispersed 
in water and 10 ml of each taken in pyrex glass stoppered centrifuge 
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tubes* Then 4,0 ml of 0.05N solution of each electrolyte (in 
quantities 5 times greater than the BEC of the clay) was added in the 
centrifuge tube and the mixture made to a constant volume of 25 ml 
with distilled water. The tubes were shalsen for three hours each day 
for three days at 33 + 1 C to attain equilibrium. The mixtures were 
then centrifuged and the supematent liquids refluxed with alcoholic 
KOH, The pesticide liberated was then estimated by Yolhard's 
silven^hiocynate ferric alum method as given earlier. In both cases 
a blank was included. The results obtained are given in tables V and 
VI, 
POTENTIOMETRIC AND CONDUCTOMETRIC STUDIES 
Freshly prepared samples of acid and base saturated montmori-
llonites were used for potentiometrlo and conductometric studies. The 
time interval between the preparation of hydrogen saturated montmori-
llonite and each titration was kept as minimum and uniform as possible 
to avoid the effects of aluminium movement in hydrogen montmorillonite. 
To titrate the acid and base saturated montmorillonite 
suspensions, a standard solution of nemagon was used as titrant. To 
5 ml each of the suspensions; taken in a nuBiber of pyrex glass tubes; 
varying amounts of nemagon (O to 40000 ug) were added and the volume 
adjusted to 25 ml with distilled water. The tubes were shaken for 
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3 hours each day for three days at 33 ± 1 C, The shaking, and total 
time for all the titrations vas kept as uniform as possible* 
The pH readings were recorded with Elico pH meter, with 
saturated calomel and glass electrode assembly* Conductivity measure-
ments were carried out with the help of Philips conductivity meter with 
dip type cell. The results obtained for pH measurements of acid and 
base saturated montmorillonites with nemagon are given in tables VII 
to IX and represented vide Fig.4 and those for conductivity measurements 
vide tables VII to IX and Fig,5* 
DETERMINATION OF BASE EXCHANGE CAPACITY 
« 
The base exchange capacity of the montmorillonite clay was 
determined as per Ganguli's method: 
Reagents I- liydrogen montmorillonite suspension, potassium chloride 
solid(AR), O.IN KOH, phenolphthalein indicator. 
Procedure:- 25 ml of H-montmorillonite clay suspension was taken in 
a 250 ml glass stoppered pyrex conical flask and saturated with N ECl. 
The flask was then shaken for half an hour and left over night* The 
exchanged acidity was titrated with standard 0*1N NaOH using phenol-
phthalein as indicator. From the amount of KOH required to neutralise 
the acidity, the BEC of the clay was calculated* Its value was found 
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to be 90 meq per 100 g montmorlllonlte, 
X-RAY ANALYSIS 
X-ray analysis were carried out on acid, base, nemagon, 
glycerine and heat treated montmorlllonites. 
Acid and "base saturated samples;- H-, Na- and Ca- montmorillonite 
susp^isions were placed on glass slides and allowed to dry at room 
temperature to form a well oriented layer. The samples were then 
subjected to x-ray examination. 
Nemagon complexes;- 25 ml of each of the H-, Na- and Ca* montmorillo-
nite clay suspensions weretaken in 250 ml glass stoppered pyrex conical 
flasks in two sets. In one set, 100, 70 and 70 ml of standard nemagon 
solution was added which corresponded to maximum adsorption sites 
(61*9, 167*0 and 129*8 mmoles of nemagon per 100 g clay) and 50, 100 
and 100 ml nemagon solution added to the second set in each clay 
suspension which corresponded to a suitable minimum adsorption site 
(51*5, 127*7 and 104.8 mmoles of nemagon per 100 g clay). The mixtures 
were adjusted to a constant volume of 125 ml with distilled water and 
shaken in the same maimer as in the case of adsorption experiments. 
The mixtures were then centrifnged and the supernatant liquid decanted 
.off. Each clay-nemagon complex precipitate was suspended in 25 ml 
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distilled water and shaken to form a homogenous clay suspension. The 
complex containing suspensions were then carefully oriented on 
microglass slides for further examination. 
Glycerine treatment;- Glycerine treatment was adopted in case of 
Na-montraorillonite smd its nemagon complex at the point of maximum 
adsorption only. 5 ml of each of the Na-montmorillonite and its 
complex suspensions were taken in pyrex glass stoppered centrifuge 
tubes and 5 ml of glycerine (A.R.) added in each case. The tubes 
were shaken for three hours and kept over-night to attain equilibriim* 
The mixtures were centrifuged and the supematent liquids decanted off. 
The precipitates were dissolved in 10 ml of distilled water and 
shaken until a homogenous suspension was obtained. The glycerine 
treated samples were then oriented on micro glass slides for x-ray 
diffraction. 
Heat treatment;- Sodium montmorillonite and its nemagon complex at 
the point ot maximum adsorption were also subjected to heaMreatment. 
After taking x-ray patterns of the sodium montmorillonite and its 
nemagon complex, the slides with theibriented layers were heated at 
o 
550 C in a muffle furnace for a period of one hour and cooled to room 
temperature for further examination. 
All the oriented samples mentioned above were subjected to 
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x-ray diffraction examination on a Philip *s diffraction unit using 
filtered CUK:O(^  radiation. Nickel foil was used as a filter. The 
x-ray tuhe was operated at 36 kV and 16 mA, with receiving slit 0.2 mm; 
scalar factor 16,16; time constant 2, scanning speed of 2 degrees 26 
per minutct and a chart speed of 800 mm per hour. X-ray diffraction 
patterns as obtained for the different clay samples are given in Fig.6. 
The diffractograms were interpreted with the help of ASTM Card 
Nos.9-3^3, 9-33^, 13-29, 5-0490 and 10-359 of the x-ray data file. 
The intensities ofAhe x-ray diffraction maxima were obtained by 
measuring the heights of the peaks and the areas under them. The 2d, 
^ 1 at 001 and intensities of the x-ray peaks are given in table X. 
The abbreviations used and the intensities estimated have been expressed 
by the following letters in the table, 
S (Strong), M (Medium), ¥ (Weak). 
INFRARED ANALYSIS 
For the infrared analysis 25 ml of each of the H-, Na- and 
Ca- montmorillonite suspensions and the suspensions of their nemagon 
complexes at the point of maximum adsorption (concentration as 
mentioned imder the head of preparation of the complexes) were taken. 
An attempt was made to prepare thin self supporting films of the clay 
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suspensions by slow evoporation of the suspensions on polythene 
plates. The films obtained were, however, too brittle and did not 
possess sufficient strength to hold them in the sample holder for 
i.r. analysis* Since treatment of the complexes with potassium salts 
such as KBr, KCl and KNO. in amounts upto five times the base exchange 
capacity and repeated washings with deionised water did not result 
in any release of nemagon from the complexes it appeared that it was 
strongly adsorbed on the clay surface and no harm could result in 
adopting the KBr technique for infrared analysis. 
For this purpose about one milligram each of a two hundred 
mesh powder of the various samples was mixed with about 100 mg of a 
previously dried potassium bromide powder (Herk's pure grade). The 
mixtures were then finely ground in an agate mortar and pressed into 
transparent discs using a hydraulic press and a steel die. The thin 
films were then mounted in sample holders and the infrared spectra 
recorded on the BXeckmann 1R~20 double beam grating spectrophotometer 
in the region 500-3800 cm . The results are given in Pig.7 and 
tables XI to XIII. The abbreviations used and the intensities 
estimated against the absorption bands are denoted by the following 
letters in the tables XI to XIII. 
B a broad, Sh « sharp, Vs « very strong, S « strong, M «s medium, 
W a weak, Vw =* very weak. 
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TABLE I 
Adsorption of nemagon hy hydrogen saturated montmorlllonite 
Concentration of clay suspension 
Volume of clay suspension taken 
Strength of nemagon solution 
Total voliuae of mixture (clay suspension + 
nemagon 4- water) 
Volume of supernatent liquid taken for 
determination 
Volume of 0.02N AgNO- added 
1,0ml of 0.02N AgNO-
8.2g per litre 
5.0ml 
2«0g per litre 
25*0ml 
10.0ml 
20.0ml 
2 
40x10 jug of nemagon 
Amount of 
nemagon 
added in 
jttgxlO 
-r -
Volxune of 
0.02N KCNS 
used in titr-
ation in ml 
Volume of 
0.02N AgNO^ 
used for react-
ing with 
unadsorhed 
nemagon in ml 
"i ""- - -
Equllihrium 
concentration 
of nemagon in 
supernatent 
liquid in 
mmoles per 
litre 
1 
Nemagon adsor-
hed in mmoles 
per lOOg clay 
Blank 20.00 0.00 0.00 
5 20.00 0.00 0.00 5.2 
10 20.00 0.00 0.00 10.3 
20 20.00 0.00 0.00 20.6 
40 19.88 0.12 0.20 28.9 
80 19.72 0.38 0.64 43.3 
120 19.38 0.62 1.05 59.8 
160 19.00 1.00 1.69 61.9 
200 18.50 1.50 2.50 51.5 
240 18.12 1.88 3.18 53.6 
280 17.88 2.12 3.59 70.1 
320 17.50 2.50 4.22 72.1 
360 17.12 2.88 4.86 74.3 
400 16.75 3.25 5.49 77.0 
6h 
TABLE II 
Adsorption of nemagon by sodimn saturated montmorillonite 
Concentration of clay suspension 
Volume of clay suspension taken 
Strength of nemagon solution 
Total volume of mixture (clay suspension + 
nemagon •f water) 
Volume of supematent liquid taken for 
determination 
Volume of 0.02N AgNO, added 
9.6g per litre 
5.0ml 
2.0g per litre 
25.0ml 
e 10.0ml 
20.0ml 
1.0 ml of 0.02N AgNO- 40x10 jOg of nemagon 
Amount of 
nemagon 
added in 
2 IttgxlO 
• • • T " " ""•" • 
Volume of 
0,02N KCNS 
used in titr-
ation in ml 
T • • ••••" • -
Volume of 
0.02N AgNO-
used for react-
ing with 
uuadsrohed 
nemagon in ml 
t 
Equilibrium 
concentration 
of nemagon in 
mmoles per 
litre 
-T — — 
Nemagon adsor-
bed in mmoles 
per lOOg clay 
Blank 20.00 0.00 0.00 
5 20.00 0.00 0.00 4.4 
10 20.00 0.00 0.00 8.8 
20 20.00 0.00 0.00 17.6 
kO 20.00 0.00 0.00 35.2 
80 20.00 0.00 0.00 70.5 
120 19.85 0.15 0.25 92.5 
160 19.70 0.30 0.51 114.5 
200 19.55 0.45 0.76 136.5 
240 19.40 0.60 1.02 158.6 
280 19.10 0.90 1.53 167.0 
320 18.65 1.35 2.28 162.9 
360 18,05 1.95 3.29 145.4 
400 17.45 2.55 4.31 127.7 
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TABLE III 
Adsorption of nemagon by calcium saturated montmorlllonite 
Concentration of clay suspension 
Volume of clay suspension tbken 
Strength of nemagon solution 
Total volume of mixture (clay suspension + 
nemagon * water) 
Volume of supematent liquid taken for 
determination 
Volume of 0.02N AgNO, added a 
1.0ml of 0.02N AgNO-
11.^g per litre 
5.0ml 
2.0g per litrfe 
25.0ml 
10.0ml 
20.0ml 
2 
40x10 jog of nemagon 
Amount of 
nemagon 
added in 
2 UgXlO 
"••'T' • "•• ~ 
Volume of 
0.02N KCNS 
used in titr-
ation in ml 
• T — • -' "'" 
Volume of 
0.02NAgN0j 
used for react-
ing with 
unadsorlied 
nemagon in ml 
Equilibrium 
concentrat ion 
of nemagon in 
mmoles per 
litre 
•""< 
Nemagon adsor-
bed in mmoles 
per lOOg clay 
Blank 20.00 0.00 0.00 
• * 
5 20.00 0.00 0.00 3.7 
10 20.00 0.00 0.00 7.4 
. 20 20.00 0.00 0.00 14.8 
kO 20.00 0.00 0.00 29.7 
80 19.85 0.15 0.25 48.2 
120 19.70 0.30 0.51 66.8 
160 19.55 0.45 0.76 85.3 
200 19.40 0.60 1.02 103.9 
240 19.25 0.75 1.26 122.4 
280 18.85 1.05 1.77 129.8 
320 18.50 1.50 2.52 126.1 
360 17.90 2.10 3.55 111.3 
400 17.45 2.55 4.31 104.9 
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TABLE IV 
F: ree energy changes during adsorption of nemag ou 
by acid and base saturated montmorillonites 
Temperature in ] Celvin degrees • 306*K 
Molar gas constant • 1.9S7 Calnri es per degree abs. 
per mole 
Nature of 
mnatfflorillonite 
" I f 1 
Initial Equilibrium 
concentration concentra-
e^ 
Free energy 
of 
in 
neraagon 
ugxlO^ 
tion of 
nemagon in 
ngxlO^ 
-P 
^0 e^ 
ko 12 0.30 712.18 
Hydrogen- 160 10 0.62 290.70 
montmorillonite 280 212 0.75 174.89 
400 525 0.81 128.12 
-Average F - — - 335.30 
120 15 0.13 1240,78 
SodluBio 160 30 0.18 1042.78 
montmorillonlte 280 90 0.32 692.99 
•w 
400 255 0.64 271.37 
-Average F — — — 811.98 
80 15 0.19 1009.88 
CalciuBi- 160 45 0.28 774.07 
montmorillonite 280 105 0.37 604.64 
400 255 0.81 271.37 
-Average F — — 
- 664.99 
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TABLE V 
Effect of different electrolytes on the desorptlon from 
hydrogen montmorillonlte 
Volume of water for dispersion of precipitate « 
Volume of 0.05N of different electrolytes added = 
Total volume of mixture (nemagon-montmorillo-
nite precipitate + electrolyte • water) « 
Volume of supematent liquid taken for 
determination a 
Volume of 0,02N AgNO- added 
1,0ml of 0,02N AgNO, 
10, (tell 
4.0ml 
25.0ml 
10,0ml 
20.0ml 
2 
40x10 ng of nemagon 
T" •— ""t 
—r — -T " 
Amount of 
nemagon in 
complex in 
WgxlO^ 
Electrolyte 
used 
Volume of 
0.02N KCNS 
used for 
titration 
in ml 
Volume of 
0.02N AgNOJ 
used for 
reacting with 
unadsorhed 
nemagon in ml 
Desorptlon of 
nemagon in 
MgxlO^ 
75 H20 20.0 0.0 Nil 
75 KBr 20.0 0.0 Nil 
75 KCl 20.0 0.0 Nil 
75 KNO5 20.0 0.0 Nil 
75 V% 20.0 0.0 Nil 
75 NagSO^ 20.0 0.0 Nil 
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TABLE VI 
Effect of different electrolytes on the desorption from 
sodium montmorillonite 
Volume of water for dispersion of precipitate « 
Volume of 0.05N of different electrolytes added « 
Total volume of mixture (nemagon-montmorillo-
nite precipitate + electrolyte + water) « 
Volume of supematent liquid taken for 
determination a 
Volume of 0.02N AgNO^ added « 
1.0ml of 0.02N AgNO- s 
10.0ml 
4.0ml 
25.0ml 
10.0ml 
20.0ml 
2 
40x10 ug of nemagon 
— t •-" 
-1 
-~l-" •"•'1 ' • ' ' '• 
Amount of 
nemagon in 
complex in 
2 
ugxlO 
Electrolyte 
used 
Volume of 
0.02N KCNS 
used for 
titration 
in ml 
Volume of 
0.02N AgNO^ 
used for 
reacting with 
unadsorhed 
nemagon in ml 
Desorption of 
nemagon in 
ngxio 
190 
^2^ 20.0 0.0 Nil 
190 KBr 20.0 0,0 Nil 
190 KCl 20.0 0.0 Nil 
190 KNOj 20.0 0.0 Nil 
190 KgSO^ 20.0 0.0 Nil 
190 Na^SO^ 20.0 0.0 Nil 
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TABLE VII 
Potentiometric and conductometric titration of hydrogen 
saturated montmorillonite with nemagon 
Concentration of clay suspension s 8.2g per litre 
Volume of clay- suspension taken » 5.0ml 
Strength of nemagon solution ss 2.0g per litre 
Volume of 
nemagon added 
in ml 
Volume of 
water added 
in ml 
i " 
mmoles of 
nemagon added 
per lOOg of 
clay 
|- pH of the 
mixture 
1 
Conductance 
-5 -1 
xlO -^ mhos cm 
Nil 20.00 mm 3.25 3.29 
0.25 19.75 5.15 3.35 3.14 
0«50 19.50 10.30 3.50 2.99 
i.OO 19.00 20.60 3.65 2.99 
2.00 18,00 41.20 3.80 2.99 
^•00 16.00 82.40 3.85 2.99 
6.00 14,00 123.60 3.90 2.99 
8,00 12.00 164.60 3.95 2.99 
10,00 10,00 206.10 4.00, 2.99 
12,00 8.00 247.ao 4.05 2.99 
14.00 6.00 288.40 4.10 2.99 
16.00 4.00 329.60 4.15 2.99 
18,00 2.00 370.80 4.20 2.99 
20.00 0.00 412.00 4.20 2.99 
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TABLE VIII 
Potentlometric and conductometric titration of sodium 
saturated montmorillonite with nemagon 
Concentration of clay suspension 
Volume of clay suspension taken 
Strength of nemagon solution 
9.^ per litre 
5.0 ml 
2.0g per litre 
1 1 1 ^ 1 
Volume of Volume of mmoles of pH of the Conductance 
nemagon added water added nemagon added mixture 
in ml in ml per lOOg of 
clay 
-5 -1 
xlO mhos cm 
Ni l 20.00 . 7.20 5.06 
0.25 19.75 4.40 7.30 4.70 
0.50 19.50 8.81 7.50 4.30 
1.00 19.00 17.62 7.70 4.11 
2.00 18.00 35.24 7.90 3.87 
4.00 16.00 70.47 8.15 3.65 
6.00 14.00 105.70 8,30 3.46 
8.00 12,00 140.96 8.40 3.46 
10.00 10.00 176.20 8.50 3.46 
12.00 8.00 114,40 8.60 3.46 
14,00 6.00 246.68 8.70 3.46 
16.00 4.00 281.92 8.75 3.46 
18.00 2.00 317.16 8.80 3.46 
20.00 0.00 357.40 8.80 3.46 
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TABLE IX 
Potentlometric and conductometric titration of calcium saturated 
montmorillonite vith nemagon 
Concentration of clay suspension 
Volume of clay suspension taken 
Strength of nemagon solution 
11.4g per litre 
5.0ml 
2«0g per litre 
i 
Volume of Volume of 
nemagon added water added 
iu ml iu. ml 
> i * ' •" 
mmoles of pH of the Conductance 
nemagon added mixture 
per lOOg of 
clay 
_R -1 
3clO "^ fflhos c m 
N i l 20.00 0.00 7.00 4.39 
0.25 19.75 3.70 7.10 4.11 
0.50 19.50 7.42 7.25 3.99 
1.00 19.00 14.82 7.40 3.65 
2.00 18.00 29.68 7.50 3.46 
4.00 16.00 59.36 7.60 3.29 
6.00 14.00 18.04 7.70 3.13 
8.00 12.00 118.72 7.85 3.13 
10.00 10.00 148.40 7.90 3.13 
12.00 8.00 178.08 7.95 3.13 
14.00 6.00 207.76 8.00 3.13 
16.00 4.00 237.44 8.00 3.13 
18.00 2.00 267.12 8.00 3.13 
20.00 0.00 296.80 8,00 3.13 
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TABLE X 
Bagal ^pacings of H-, Na-, Ca-, nemagon, glycerine-
and heat-treated samples of montmorlllonlte 
1 » ' 
Basal spacings Interlamellar 
at 001 reflec- ueparatlon 
o o 
tlons In A in A 
Nature of Buntuiorlllonite 
H>treatedy oven dry 
H-clay- Nemagon complex (I) at 61.9 
mmoles per lOOg clay 
H-clay- Nemagon complex (II) at 51•5 
mmoles per lOOg clay 
H-clay- Nemagon complex (l) at 550 C 
Na-treated, oven dry 
Na-clay-Nemagon complex (I) at 167.0 
mmoles per lOOg cloy 
Na-clay-Neraagon complex (ll) at 127.7 
mmoles per lOOg clay 
Na-clay- Glycerine treated 
Na-clay- Nemagon complex (l) treated 
with glycerine 
e 
Na-clay- Nemagon compleS (l) at 550 C 
Ca-treatedy oven dry 
Ca-clay- Nemagon complex (I) at 129.8 
mmoles per lOOg clay 
Ca-clay- Nemagon complex (II) at 104.6 
mmoles per lOOg clay 
Ca-clay- Nemagon complex (l) at 550 0 
9 .9 (M) -
16 .4 (W) 6.5 
15 .2 (W) 5.3 
10 .0 (M) 0 .1 
9 .6 (V) . 
16.4 (¥) 
16.1 (M) 
15.2 (W) 
10.0 (W) 
6.8 
15 .2 (W) 5 .6 
17 .7 (S) 8 .1 
19 .6 (S) 1 0 . 0 
10 .0 (W) 0 .4 
9.R (W) • 
6.3 
5.4 
0.2 
ig. 5 - x - r a y dlff^ac^og^oms (DH-montmonlionife ovrn dry (2) H-mon^monllonihe-nemogon 
complex (I) (3)H-monrmori l lon(rc-ncmo9on complex (U) (4) H-monrmopillonirc-nemogon 
complex (I) al- 550°C (5) No-monrmorillonire oven dry (6)Na-monrmori l lonlte-ncmagon 
complex ( I ) {7)Na-monl'morlllonll'e-nemogon complex(ll) (6) Glycerine freored N a -
mo^^mo^illoni^e (9) Glycerine Jreored nemagon complex (I) (10)Na monhmonllonife-
nemagon complex (I) o^ 550"c (111 Ca-monfmonl ionire oven dry (12) Co-tnonfmohl lo 
nii-e nemagon complex (1) (13) Co-monl-mori l lonirc-nemogon complex(l i ) ( l 4 ) C a -
monrmoril lonihe-nemogon complex of SSO'c 
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R E S U L T S A N D D I S C U S S I O N 
Adsorption of neraagon on H-, Na- and Ca- saturated montmori-
llonite suspensions (0.82 to 1.14^ wt/vol.) in the equilitirium 
concentration range of 0.0 to 4*5 mmoles of the fumigant per litre 
yielded isotherms vide Fig.l (curves 1 to 3)t tables I to III. An 
examination of the isotherms revealed that they were similar to 
8 
class 'H* isotherms as defined by Giles et al . Three regions could 
he well seen in all the isotherms. The initial part was vertical 
indicating that nemagon had such a high affinity for the acid and 
base saturated montmorillonites that in dilute suspensions it was 
completely adsorbed till a limiting value was reached (20.6) 70,5, and 
29.7 mmoles per lOOg of H-, Na- and Ca-* montmorillonites respectively). 
Such initial, rapid and steep rises in adsorption isotherms were 
indicative of chemisorption, occurring on the outer edges of montmori-
o 
llonites with edge to edge ion attraction^. Thereafter a change of 
slope occurred in the adsorption isotherms which showed a second region 
of gradual rise in adsorption till values of 61.9 mmoles per lOOg of 
H-montmorillonite, 167*0 mmoles in case of Na-montmorillonite and 
129.8 mmoles in case of Ca-montmorillonite were reached. The change in 
slope and the second region corresponded to adsorption occurring largely 
77 
on the inter lamellar surfaces of montmorillonltes. As these sites 
were saturated, a third region also occurred in the adsorption 
isotherms, in the concentration range studied, indicating a decline 
with negative adsorption of nemagon. The negative adsorption seemed 
to he due to a change in the hydrophilic nature of the systems 
resulting in preferential adsorption of the solvent or H_0 ions and 
release of nemagon. Such effects during clay organic interactions 
10—12 have been observed by other workers also . 
A greater amount of nemagon was adsorbed by the base saturated 
clays than the acid saturated one« The adsorption followed the order 
Na-clay >> Ca-clay "^H-clay. The order of adsorption was in accordance 
with the partial molar free energy changes that occurred during the 
interaction. The changes in partial molar free energy were calculated 
*^e from the thermodynamic relationship, -F w RT In —S. where C and C were 
Q e o 
o 
the equilibrium and initial concentration of the suspension respectively. 
An average of four values of P in case of H-, Na- and Ca- saturated 
montmorillonite yielded 335.30, 811.98 and 66^.99 cal/mole respectively 
(table IV), thus confirming the extent of driving force available for 
the adsorption of nemagon on the montmorillonites. The greater 
adsorption on Na- montmorillonite as compared to the Ca- or H- forms 
appeared to be due to the higher deflocculation of the montmorillonite 
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caused by the Na"^  ions exposing a larger surface area for adsorption. 
13 Such effects have been observed by Alymore and Quirk -^  as well as 
14 Bowman during the adsorption of organics by clays. Thus a greater 
amount of the pesticide will be needed for application as optimum 
dose in base saturated systems than in the acidic ones. 
The adsorption data were in general agreement with Langmuir 
Q 
equation. A plot of —r- against C, where C was the equilibrium 
x/m 
concentration of nemagon and x/m the amount adsorbed yielded Langmuir 
isotherms vide Fig,3, The behaviour corresponded with chemisorption 
15 
of nemagon in monolayers on the planar and lateral surfaces of 
montmorillonites. 
Attempt to. desorb the chemical from the montmorillonite surfaces 
by repeated treatments with KNO_, KgSO. and NagSO. solutions (tables V 
to VI) followed by washings with deionised water did not prove succiessful 
suggesting that a substantial part of the nematocide was strongly bound 
to the montmorillonites by electrostatic forces. 
As compared to the blank no change occurred in the pH value 
(3.25 of the H-montmorlllonite suspension (Fig.4, table VII) during 
adsorption of the pesticide. Similar was the case during adsorption 
of nemagon on Na-montmorillonite (pH = 7.2) and Ca-montmorillonite 
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(pH a 7.0) vide Pig.4, tables VIII and IX respectively. A slight 
fall in electrical conductivity was observed during the above 
interactions (Electrical conductivity order 3.29 to 2.99, 5,06 to 
3.46, 4.39 to 3.i3xlO "'mhos cm for H-, Na-,Ca-montmorillonite 
respectively) vide Fig.5, tables VII to IX. These results were highly 
significant, ruled out any kind of protonation or exchange reaction 
and provided a powerful clue as to the mechanism of adsorption. 
Our pesticide was a non-ionic molecule. Its halides carried 
a negative potential and may behave as nucleophiles. The montmorlllo-
nite surface may also be supposed to carry electrophiles in form of 
H*, Na* and Ca* . The strong possibility of adsorption occurring 
1*6 through a charge transfer interaction or bonding was, however, 
ruled out due to the tightly bonded structure of the molecule and 
incapability in its resonance. The dipolar character of the nematocide 
would, however, result in a strong electrostatic attraction between 
the organic molecule and the clay surfaces leading to formation of 
ion-dipole bonds ' giving complexes of the form (l) and (II) 
n- 80 
r 
6- S* 
H 
<^* c^ -. 
Br - CHg- C - CHg- CI 
Br 
fv\;^l^^A^v^ 
H 
S' &^ 
\ 
\ 
\ 
\ 
Br - CHg - C - CHg - CI 
Br 
(I) With exchangeal)le cations 
(MaH"*", Na*, Ca"*"*) at the 
planar surface. 
(II) With negative sites or 
hydroxyls at the edges. 
These interactions were in accordance with the pH changes. 
The binding of the exchangeable cations resulted in a slight fall 
/ -5 -1\ 
in the electrical conductivity (4 to 3 x 10 •'aihos cm ). The 
saturation of the two sites, one after another, were in accordance 
with the earlier assumption of two binding sites with different energy 
levels available for adsorption. By virtue of the ion-dipole interaction 
at the planar and lateral surfaces, the adsorption was greater than 
the BEC or where cation exchange alone operates. There is evidence 
for fozioation of such bonds between metallic cations and organic 
compounds as well as between clay water-non-ionic polar pesticides 18 
Some of the propositions made above found support from x-ray 
81 
analysis. Table X and Fig.6 give the results of x-ray analysis of 
H-, Na-, Ca-, nemagon, glycerine and heat treateds samples of montmori-
llonite. The hasal thicknesses of cation saturated montmorillonltes 
0 
in the oven dry state were of the order of 9.6 to 9.9 A . There 
o 
resulted an expansion of 6.5, 6.8 and 6.3 A respectively in the basal 
thickness in the case of nemagon treated hydrogen, sodium and calcium 
montmorillonltes at the maximum point of adsorption. The stereo model 
structure of the pesticide yielded a van der Vaals thickness of 4.62 A 
in the upright state of the molecule. This thickness along with a 
correction for the length of the ion dipole bond strongly suggested 
an upright monomolecular adsorption of the pesticide with formation of 
ion-dipole complexes in the interlamellar spaces of H-, Na- and Ca-
montmorlllonites as envisaged earlier. Glycerine treatment further 
expanded the basal spacing (10.0 A ) suggesting creation of a second 
layer of glycerine (thickness h A ) above the complexed nemagon 
without its expulsion. Thus nemagon adsorption was sufficiently strong 
and could not be expelled by glycerine treatment. Heat treatment of 
o 
the montmorlllonite nemagon complex to 550 C resulted in the oxidation 
of the,organic molecule leaving some interlamellar residue (0.4 to 
o 
0.1 A ) as a bye-product of oxidation reaction on the planar surface 
suggesting that nemagon was chemlsorbed firmly on the montmorillonltes. 
A reduction in the basal spacings (5.3, 5.6 and 5.^ A respectively) 
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otiserved during negative adsorption suggested either some expulsion 
of the pesticide by H-0* ions or a reorientation of the molecules on 
the montmorillonite surface due to solvent effects. Such a reorienta-
tion may result in the discontinuity in the adsorption isotherms. 
To further confirm the evidence obtained during these studies 
on the nature of complexes formed between H-, Na- and Ca-montmorlllonites 
and nemagon, i.r, spectra of the montmorillonltes, the pesticide and 
their complexes were obtained (Fig.7). Due to limitations imposed by 
experimental conditions, the quality of Infrared spectra obtained wa«, 
however, poor and the data obtained on the complexes were of doubtful 
significance. However, for the sake of information the results are 
being given below. 
The infrared emalysis yielded the characteristic bands at 
3600 cm~* (OH), 3*05-3^16 cm'^CHgO), 1020-1035 cm"^(Si-0-Sl), 910 cm"^ 
(Si-OH-Al), 830 cm"^(Sl-0-Al) and 520 cm"^(Sl-0-Al) vide Fig.7 and 
tables XI to XIII. Infrared spectrum for 1,2-dlbromo-3*'Chloropropane 
yielded absorption peaks in the frequency ranges 2900 cm with 
shouldering at 3000 cm"^(C-H), 2740 cm"^(C-H), 1600 cm'*^(H20), 1440-
1340 cm*^(C-H), 1165-850 cm"^(C-C), 700 cm'^(C-Cl) and 575 cm"^(C-Br) 
vide Fig,7 and table XI. 
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An examination of the spectra of acid and base saturated 
montmorillonite and their complexes with nemagon revealed the 
following facts: The intensity, width and half intensity of i.r, 
vibration of the C-H, C-C, C-Cl and C-Br bands of the pesticides 
decreased while that in the case of montmorillonites increased during 
the interaction. This provided support for chemical interaction 
during the adsorption of the chemical by the montmorillonites. 
New C-H bands which did not exist in H-montmorillonite appeared 
in the H-clay nemagon complex at 2920 cm" with shouldering at 2960 
and 2840 cm""^ . There was a shift in the stretching frequency of 
nemagon from 1600 to 1640 cm with perturbations in the spectra of 
the complex in the region 750 to 910 cm~ (C-Cl) along with a sharp 
band at 835 cm" . 
The spectral changes in the case of nemagon- Na-montmorillonite 
interaction were also marked. The pesticide stretching bands at 
2900 cm"^(C-H), 2740 cm"^(C-H), 700 cm"^(C-Cl) and 575 cm*^(C-Br) 
shifted to higher frequencies with decreased intensities. A lower 
shift occurred in the inplane vibration of the Na-montmorillonite 
with an increase in the intensity of all the above bands of the 
Na-montmorillonite. A significant band appeared at 860 cm" in the 
stretching vibrations of the complex. There were perturbations in 
8k 
4 
the region 750-550 cm" (C-Cl and C-Br). 
Smaller changes with perturbations in the region 900-750 cm" 
occurred in the i.r. spectra of Ca-montmorillonite nemagon complex 
suggesting a weak interaction. New bands at 2920 cm" with shouldering 
-1 
at 29^0, 2840 and 1100 cm appeared in the spectra of the complex* 
Regular changes *^ in the half intensity, width, i.r, frequ-
ency, sometimes accompanied hy occurrance of new hands; have been 
reported during clay-organic interactions. The spectral changes, 
therefore, provided evidence in support of the assumptions drawn from 
adsorption, desorption, x-ray diffraction, pH and EC changes on the 
mechanism of interaction between acid and base saturated montmorillonite 
and 1,2-dibromo-3-chloropropane. 
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ADSORPTION AND INTERACTION OF 1,2-PIBR0M0~5"CHL0R0PR0PANE WITH ILLITES 
The adsorption and interaction of pesticides on clays is one 
of the most significant processes influencing their persistance, 
movement and efficacy in soils. The phenomenon leads to physico-
chemical changes including nutrient availability and susceptibility 
to microbial degradation In soils. Illite is an important clay 
mineral occurring in argillaceous sediments found on a large scale 
in the soils of India and other parts of the world. The mineral has 
been found to possess reactive sites at the edges, comers, interlayer 
2-5 
and interlattice positions , Nemagon or 1,2-dlbromo-3-chloropropane 
is an organic chemical which is extensively used to control nematode 
and fungus diseases in soils. A variety of methods ' have been used 
to provide information on the mechanism of adsorption and interaction 
of organic chemicals by clays. To mention a few, these include 
adsorption isotherms, pH, electrical conductivity changes and x-ray 
diffraction analysis. The work reported here examines the mechanism 
of adsorption and interaction of l,2-dlbromo-3-chloropropane on acid 
and base saturated illites. 
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E X P E R I M E N T A L 
The clay mineral used In these investigations was illite, 
collected from Morris, Illinois by Dr.Ralph J.Homes and verified 
under hisjdirection in the Mineralogical Laboratories of the Columbia 
University by comparison with the original sample, of the American 
Petroleum Institute's Project No,49. The sample was obtained from 
Wards Natural Science Establishment Inc., Rochester,U.S.A. It was 
broken up in a mortar using a rubber covered pestle. The organic 
matter was oxidised with hydrogen peroxide and the mixture diluted 
with distilled water. The illite was then dispersed by electrical 
stirring. The suspension obtained was passed through sheets of 
Whatmann filter paper fitted in the bowl of "international Chemical" 
centrifuge at a speed of 3500 rpm to remove any coarse matter. The 
suspension consisted of less than 2 micron illite particles. 
8 Hydrogen , sodium and calcium illite were prepared from the 
above illite suspension by the methods as described earlier in 
Chapter I. The suspensions contained 25.4, 25*8 and 23.Og respectively 
of H-, Na- and Ca-illites per litre. 
The experiments on the adsorption, desorption, estimation of 
10 9 
nemagon and BEC^, calculation of free energy, plot of Langrauir 
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isotherms, potentiometric and conductometric titrations, x-ray 
diffraction and infrared spectroscopy were conducted in the same 
manner as described earlier in Chapter I in the case of adsorption 
of nemagon on montmorillonite clay. The base exchange capacity of 
the illite was found to he kO meq per lOOg clay. For the preparation 
of nemagon complexes for x-ray diffraction, 25 ml each of the H-, Na-
and Ca-illite suspensions were taken in 250 ml glass stoppered 
pyrex conical flasks in two sets. In one set 50 ml of standard nemagon 
solution was added to each clay suspension, which corresponded to 
maximum adsorption sites (27«6, 43.^ and kOA mmoles of nemagony^ lOOg 
clay) and 100 ml nemagon solution added to the second set in eacli 
clay suspension which corresponded to a minimum adsorption site 
(11,9, 33.8, and 31.3 mmoles of nemagon per iOOg clay). The mixtures 
were adjusted to a constant volume of 125 ml with distilled water and 
shaken in the same manner as in the case of adsorption experiments. 
Rest of the treatments were done as descrihed earlier in the case of 
x-ray analysis of montmorillonite-nemagon complex samples (Chapter I 
of this thesis). 
The results of adsorption of nemagon on acid and hase 
saturated illites are given in tables XIV to XVI (Fig.8); those for 
free energy changes during adsorption vide table XVII, the Langmuir 
89 
isotherms vide Fig.9, and the results of desorption of neiaagon from 
illlte complexes vide table XIX, The results of potentiometric 
and conductometric titrations appear in tables XX to XXII, Pigs.10 
and 11; those for x-ray diffraction analysis in table XXIII, Fig.12, 
and infrared spectra vide Fig.13, with results in tables XXIV to XXVI, 
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TABLE XIV 
Adsorption of nemagon hy hydrogen saturated llllte 
Concentration of clay suspension 
Volume of clay suspension taken 
Strength of neoiagon solution 
Total volume of mixture (illite suspension + 
nemagon + water) 
Volume of supematent liquid taken for 
determination 
Volume of 0.02N AgNO- added 
1,0ml of 0.02N AgNO-
25.^g per litre 
5.0ml 
2.0g per litre 
25.0ml 
10.0ml 
20.0ml 
2 
40x10 jog of nemagon 
Amount of 
nemagon added 
2 
in «gxlO 
Volume of 
0.02N ECNS 
used in 
titration 
in ml 
— j 
Volume of 
0.02N AgNOj 
used for 
reacting with 
unadsorbed 
nemagon in ml 
1 
Equilibrium 
concentration 
of nemagon 
in mmoles per 
litre 
1 — 
Nemagon 
adsorbed m^  
mmoles per 
lOOg clay 
Nil 20.00 0.00 0.00 0.00 
5 20.00 0.00 0,00 1.66 
10 20.00 0.00 0,00 3.32 
20 20.00 0.00 0.00 6.64 
40 19.87 0.13 0.22 8.98 
80 19.6l' 0.39 0.66 13.65 
120 19.35 0.65 • 1.10 18.27 
160 19.09 0.91 1.5^ 22.97 
200 18.83 1.17 1.98 27.63 
240 18.31 1.69 2,86 23.51 
280 17.79 2.21 3.74 19.64 
320 17.27 2.73 4.62 15.64 
360 16.75 3.25 5.56 11.65 
400 16.36 3.64 6.13 11.98 
91 
TABLE XV 
Adsorption of nemagon by sodium saturated llllte 
Concentration of clay suspension 
Yolume of clay suspension taken 
Strength of nemagon solution 
Total volume of mixture (clay suspension + 
nemagon + water) 
Volume of supematent liquid taken for 
25.8g per litre 
5.0ml 
2.0g per litre 
25.0ml 
determination o 10.0ml 
Volume of 0.02N AgNO- added = 20,0ml 
1.0ml of 0 .02N AgNO, =» 40x10 jug of nemagon 
f 
Amount of Volume of 
nemagon added 0.02N ECNS 
^« ««-rin2 used in in MgxlO titration 
in ml 
1 
Volume of 
0.02N AgNO^ 
used for 
reacting with 
unadsorhed 
nemagon in ml 
1 
Equilibrium 
concentration 
of nemagon i^  
mmoles per 
litre 
Nemagon 
adsorbed in 
mmoles per 
lOOg clay 
Nil 20.00 0.00 0.00 0.00 
5 20,00 0,00 0,00 1.63 
10 20.00 0.00 0.00 3.26 
20 20,00 0.00 0.00 6.55 
40 20.00 0,00 0,00 13.11 
80 19.86 0.14 0.23 21.63 
120 19.73 0.27 0.45 30.48 
160 19.60 0.40 0,67 39.33 
200 19.33 0.67 1.15 43.43 
240 18.92 1.08 1,82 43.26 
280 18.38 1.62 2.74 38.68 
320 17.84 2.16 3.65 34.09 
360 17.44 2.56 4.33 34.09 
400 17.03 2.97 5.02 33.76 
92 
TABLE XVI 
Adsorption ot nemagon by calcimn saturated illite 
Concentration of clay suspension « 
Volume of clay suspension taken » 
Strength of nemagon solution « 
Total volume of mixture (clay suspension •i' 
nemagon -f water) 
Volume of supernatent liquid taken for 
determination 
Volume of 0.02N AgNO- added 
1.0ml of 0.02N AgNO-
23.Og per litre 
5.0ml 
2.0g per litre 
25.0ml 
10.0ml 
20.0ml 
'J 
40x10 ug of nemagon 
Amount of 
f ' • ' 
Volume of 
" • " ' 1 " "• — 
Volume of 
T - • 
Equilibrium 
-1 
Nemagon 
nemagon added 0.02N KCNS 0.02N AgNO_ 
used for 
reacting with 
unadsorbed 
concentration adsorbed in 
2 in ugxlO used in titration 
in ml 
of nemagon 
in mmoles 
per litre 
mmoles per 
lOOg clay 
nemagon in ml 
Nil 20.00 0.00 0.00 0.00 
5 20.00 0.00 0.00 1.84 
10 20.00 0.00 0.00 3.68 
20 20.00 0.00 0.00 7.35 
kO 20.00 0.00 0.00 14.72 
80 19.85 • 0.15 0.25 23.60 
120 19.70 0.30 0.51 29.96 
160 19.40 0.60 1.02 36.78 
200 19.10 0.90 1.53 40.45 
240 18.65 1.35 2.28 38.60 
280 18.20 1.80 3.04 36.76 
320 7.75 2.25 3.81 34.92 
360 7.30 2.70 4.57 33.09 
400 6.85 3.15 5.33 31.26 
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TABLE XVII 
Freft energy changes during adsorption of nemagon 
by acid and base saturated lllXtew 
Temperature In Kelvin degrees 
Molar gas constant 
306 **K 
1.987 Calories per degree abs, 
per mole 
Nature of illite 
J 
Initial 
concentration 
1 "" r 
Equilibrium 
concentration "' . 
— 1 
Free energy 
of nemagon of nemagon C -F 
in jigxio'^  
^o 
in WgxlO 
^e 
0 
Rydrogen-illlte hO 13 0,33 674.23 
160 91 0.57 341.81 
280 221 0.79 143.39 
400 364 0.91 57.41 
-Average F mm 
— 
«» 304.21 
Sodium-illite 80 14 0.17 1077.65 
' 160 40 0.25 871.11 
280 162 0.58 331.30 
400 297 0.74 183.16 
-Average F mm "• "• 615.81 
Calcium-illite 80 15 0.18 774.07 
160 60 0.38 558.39 
280 180 0.78 271.37 
400 315 0.64 151.09 
-Average P ^ 
— 
••• 446.23 
Udnuiuuta 
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TABLE XVIII 
Effect of different electrolytes on the desorptlon of nemagon 
from hydrogen illite 
Volume of water for dispersion of precipitate = lO.Oral 
Volume of 0.05N of different electrolytes added = 4,0ml 
Total volume of mixture (nemagon montmorillonite 
precipitate + electrolyte + water) « 25,0ml 
Volume of supematent liquid taken for 
determina .tion s 10, ,0ml 
Voltuoe of 0 .02N AgNO, added s 20, >Oml 
1.0ml of 0. 02N AgNO-
~ 40x10 jag 
nemagon 
of 
Amount of 
nemagon in 
complex in 
MgxlO^ 
1 
Electrolyte 
used 
i ••• 
Volume of 
0.02N KCNS 
used for 
titration 
in ml 
1 
Volume of 
0.02N AgNO-
used for 
reacting with 
unadsorhed 
nemagon in ml 
1' "- --— 
Nemagon 
desorbed in 
ugxlO 
83 HgO 20,0 o.o Nil 
83 KBr 20,0 0.0 Nil 
83 KCl 20,0 0.0 Nil 
83 KNO, 3 20.0 0.0 Nil 
83 KgSO^ 20,0 0,0 Nil 
83 NagSO^ 20,0 0.0 Nil 
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TABLE XIX 
Effect of different electrolytes on the Resorption of nemagon 
from sodium lllite 
Volume of water for dispersion of precipitate = 
Volume of 0.05N of different electrolytes added « 
Total volume of mixture (nemagon-illite 
precipitate + electrolyte + water) ss 
Volume of supernatent liquid taken for 
determination <» 
Volume of 0.02N AgNO, added 
10.0ml 
4.0ml 
25.0ml 
10.0ml 
20.0ml 
1.0ml of 0, ,02N AgNO- s i OxlO Ug 
nemagon 
of 
Amount of 
nemagon in 
complex in 
MgxlO^ 
• 
Electrolyte 
used 
1 
Volume of 
0.02N KCNS 
used for 
titration 
in ml 
1 
Volume of 
0.02N AgN0„ 
used for 
reacting with 
unadsorhed 
nemagon in ml 
» • 
Nemagon 
desorbed in 
ngxlO^ 
133 . HgO 20.0 0.0 Nil 
133 KBr 20.0 0.0 Nil 
133 KCl 20.0 0.0 Nil 
133 KNO3 20.0 0.0 Nil 
133 1^2^^ 20,0 0,0 Nil 
133 Na^SO^ 20,0 0.0 Nil 
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TABLE XX 
Potentiometric and conductometric titrations of hydrogen 
saturated illite with nemagon -
Concentration of clay suspension I SS 25.4g per litre 
Volume of clay suspension taken s 5.0ml 
Strength of nemagon solution s 2.0g per litre 
• • • 1 1 1 ' ' • • 
Volume of 
nemagon added 
in ml 
Volume of 
water added 
in ml 
mmoles of 
nemagon added 
per lOOg of 
clay 
pH of th€ 
mixture 
: Conductance 
-5 -1 
xlO ^ mhos cm 
Nil 20.00 0.00 3.80 6.58 
0.25 19.75 1.66 3.85 5.48 
0.50 19.50 3.32 3.90 5.06 
1.00 ^19.00 6.64 4.00 4.69 
2.00 18.00 13.28 4.10 4.38 
4,00 16.00 26.56 4.15 3.98 
6.00 14.00 39.84 4.25 3.76 
8.00 12.00 53.12 4.35 3.60 
10.00 10.00 
• 66,40 4.45 3.46 
12.00 8.00 79.68 4.50 3.29 
14.00 6.00 92.96 4.50 3.06 
16.00 4.00 • 106.24 4.50 2.85 
18.00 2.00 • 119.52 4.50 2.85 
20.00 0.00 132.81 4.50 2.85 
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TABLE XXI 
Potentiometrie and conductometric titrations of sodium 
saturated illlte with nemagon 
Concentrati on of clay suspension s 25.8g per litre 
Volume of c lay suspension taken s 5.0ml 
Strength of nemagon solution 
= 
2.0g per litre 
Volume of 
nemagon added 
In ml 
t 1 1 
Volume of mmoles of 
water added nemagon added 
in ml per lOOg of 
clay 
pH of the 
mixture 
1 " • " " • " • • • — • 
Conductance 
-5 -1 
xlO "^ mhos cm 
1 
Nil 20.00 0.00 6.75 4.69 
0.25 19.75 l.*63 6.85 4.54 
0.50 19.50 3.26 6.95 4.39 
1.00 19.00 6.55 7.10 4.11 
2.00 18.00 13.11 7.25 3.98 
4.00 16.00 26.22 7.40 3.76 
6.00 14.00 39.12 7.55 3.60 
8.00, 12,00 52.16 7.65 3.60 
10.00 10,00 65.20 7.75 3.60 
12.00 8,00 78,24 7.80 3.60 
14.00 6.00 9i.28 7.85 3.60 
16.00 4.00 104.32 7.90 3.60 
18.00 2.00 117.36 7.95 3.60 
20.00 0.00 130.40 7.95 3.60 
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TABLE XXII 
Potentiometrlc and conductometxlc titrations of calcium 
saturated illite with nemagon 
Concentration of clay suspension 
Volume of clay suspension taken 
Strength of nemagon solution 
23.Og per litre 
5.0ml 
2.0g per litre 
' " " I' " — 
Volume of Volume of 
nemagon added water added 
in ml in ml 
mmoles of pH of the 
nemagon added mixture 
per lOOg of 
clay 
Cuuductanoe 
~5 -1 
xlO mhos cm 
N i l 20.00 0,00 6.50 3.62 
0.25 19.75 1.84 6,60 3.46 
0.50 i9 .50 3.68 6.75 3.29 
1,00 19.00 7.36 6.85 3.25 
2.00 18.00 14.72 6.95 3.14 
4.00 16.00 29.44 7.05 3.06 
6.U0 14.00 14.16 7.15 2,99 
8.00 12.00 58.88 7.20 2.92 
10.00 10.00 73.60 7.25 2,86 
12.00 8.00 88.32 7.30 2.86 
14.00 6.00 103.04 7.35 2.86 
16.00 4,00 117.76 7.40 2,86 
18.00 2.00 132.48 7.40 2.86 
20.00 0,00 147.20 7.40 2.86 
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TABLE XXIII 
Basal spacings of H-, Na~, Ca», nemagon, glycerine 
and heat treated samples of lllite 
r- i 
Basal spacings Interlamellar 
at 001 separation 
reflections 
o 
in A 
Nature of illite 
in A 
H-treated, oven dzy 
H-clay-nefflagon complexCl) at 23.51 
wimoles per lOOg clay 
H-clay-nemagon coinplex(Il) at 11.65 
mmoles per lOOg clay 
o 
H~clay-nemagon complex(l) at 550 C 
Na-treated oven dry 
Na-clay-nemagon complex(I) at 43,43 
mmoles per lOOg clay 
Na-clay-nemagon complex(II) at 33.6 
mmoles per lOOg clay 
Na-clay-glycerine treated 
Na-clay-nemagon complex(l) treated 
with glycerine 
o 
Na-clay-nemagon complex(I) at 550 C 
Ca-treated oven dry 
Ca-clay-nemagon complex(I) at 40,45 
mmoles per lOOg clay 
Ca-clay nemagon complex(ll) at 31.26 
mmoles lOOg clay 
o 
Ca-clay-nemagon-oomplex(l) at 550 C 
9 .93 M 
10. .04 S 
10, .04 S 
9. .93 W 
9. .93 M 
10. .16 S 
10. .04 s 
9. .93 M 
10. ,16 W 
9. .93 W 
9, 93 S 
10 , .04 W 
10 , ,04 W 
9. 93 s 
0.11 
0,11 
0.23 
0,11 
0.23 
0.11 
0.11 
F i g . 1 2 - X - r a y dif f^ac^og^am s oF ( 1 ) H - i l h > e oven dry,( 2 ) H - i l l i f e nemogon 
Lomplcx ( I ) , (3) H-f l l l re n e m o g o n complex ( I I ) , (4) H-illi l-e nemogon complex 
(1) o^ b50*C,t5) N o - i l l i f e oven d r y , ( 6 ) N o - i l l i f e n e m o g o n complex ( I ) , ( 7 ) 
No- i l l i re nemogon complex (11), (8) Glycerine f reo^ed Na-iMf>e,{9) Glycerine 
r reofed nemogon complex, ( l O ) N a - i l l i f e nemogon complex (1) of 550*C/(11) 
Co- i l l ihe oven dry , (12 )Co- iU i t ' e nemogon complex ( I ) , {13)Co- i l l i fe nemogon i lil-  ( I ) , ( 
c!pxnn ' l 4 ^ ^ j | | | ^ J 5 J 5 £ j [ o n complex (!) ar 550*C 
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R E S U L T S A N D D I S C U S S I O N 
The results of adsorption of nemagon on acid and base 
saturated illite suspensions (23.0 to 25.8g per litre) in the 
equilibrium concentration range of 0 to 6.13 nnaoles of the fumigant 
per litre are represented by isotherm given in Fig.8, curves 1-3 and 
tables XIV to XVI. An examination of the isotherms revealed that 
they were similar to class 'H' isotherms as defined by Giles et al. 
Three regions could be recognised in the isotherms;- region of 
complete adsorption, gradual rise, and a downward trend resulting in 
negative adsorption, in all the acid and base saturated systems. 
Initially the nematocide had such a high affinity for the acid and 
base saturated illites that it was completely adsorbed till a 
critical quantity was reached (6,64, 13.11 and 14.72 mmoles per lOOg 
of H-, Na- and Ca- illite respectively). Such initial steep rises 
in adsorption were indicative of chemisorption occurring on the 
outer edges of clays with edge to edge ion attraction. Thereafter 
a change of slope occurred in the curves, the adsorption continued 
to increase till a value of 27.6 mmoles per lOOg of H-illite, 
43.4 mmoles of Na-illite and 40,4 mmoles of Ca-illite was reached. 
The 'H' shaped nature of adsorption isotherms suggested adsorption 
occurring at different spots with two different energy levels on the 
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illite surfaces as they imderwent saturation one after another. 
The adsorption then declined. Negative adsorption of the fumlgant 
appeared to be due to a change In the hydrophlllc nature of the 
systems resulting In competitive adsorption of the solvent (HgO) and 
release of the nematoclde. Such effects have heen reported "by other 
, 13,14 
workers also * . 
An attempt was made to fit the data Into the Langmulr 
' equation * 
C 1 C 
z/m KB B 
where C was the equlllbrliim concentration of nemagou, x/m the amount 
Q 
of nemagon adsorbed, K and B the constants. A plot of --7- against C 
x/m 
showed small curvatures (Flg.9)* The plotted data showed at least 
two distinct linear portions signifying two different mechanisms of 
IK 
regions for nemagon chemlsorptlon ^ on lllltes. Since adsorption 
was well within the CEC limits, adsorption occurring in monomolecular 
layers by two different mechanisms appeared to be the main explanation 
to account for the above behaviour. 
Nemagon showed the maximum affinity for Na- illite and the 
minimum for H-llllte, the adsorption followed the order Na-clay';;> 
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Ca-clay"> H-elay. The nature of the exchangeable cation thus 
determined the extent of adsorption and was in accordance with the 
deflocculation effects and surface area of Na-, Ca- and H-lllites, 
The order of adsorption found further confirmation from the partial 
molar free energy changes that occurred during the interaction. The 
changes in partial molar free energy-F were calculated from the 
thermodynamic relationship -P s RT In -^ where C^ and C^ were the 
o 
equilibrium and initial concentration of the suspension respectively. 
An average of four values of F in case of H-, Na- and Ca- saturated 
illites were 304.2, 615.8 and 446.8 cal/mole respectively (table XVII) 
The magnitude of the partial molar free energy changes indicated that 
the adsorption followed the same order as indicated by the adsorption 
isotherms. 
Attempts to desorb nemagon from the acid and base saturated 
illites with potassium salts and repeated washings with deionised 
water (tables XVIII and XIX) did not prove successful suggesting that 
the fumlgant was strongly bound to the clay surfaces by electrostatic 
forces. 
A careful record of the pH changes observed during adsorption 
did not reveal any significant variation. The pH rose from 3,8 to 
4.5 in case of titration of H-lllite with nemagon, that for Na-illlte 
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from 6.75 to 7.95 and from 6.5 to 7»k in case of Ca-illite (Fig.10, 
tables XX to XXII). There was no marked change in electrical 
conductivity in the case of adsorption on Na- €md Ca-illites (E.C. 
order 4,69 to 3.60 and 3*62 to 2.86x10 -^ mhos cm ) though during the 
interaction of nemagon with H-illite it imderwent a fall from 6.58 to 
2.85xlO~^mhos cm'""'^  vide Fig.11 and tables XX to XXII. These 
observations were highly significant and provided a powerful clue as 
to the mechanism of adsorption of the pesticide on the illites. 
The structure of the nematocide could be represented as 
follows: 
H \y~— 
c -
Br 
Br - CH2 - C - CHg - CI 
which showed it to be a dipolar and non-ionic molecule. Constancy 
of pH during its interaction with illites and non-variation of 
electrical conductivity in case of Na- illite ruledbut any kind of 
protonatlon or ion exchange during chemisorption. The non-ionic 
character of the molecule with its tightly bonded nature and 
incapability of resonance also ruled out any possibility of formation 
of charge transfer complexes between these clays and nemagon. 
The ionic nature of the clay and the dipolar character of the 
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organic molecule may, however, result in a strong electrostatic 
attraction between the nematocide and the clay surface leading to 
the occurrence of an ion-dipole interaction with formation of 
ion-dipole bonds giving a complex of the type 
)f 
Illite ^ " H - C - Cr in case of the base 
j^jT* ^ ^ a^r i-. saturated systems •. (1) 
4-
To account for the fall in electrical conductivity in case 
of the interaction with H-illlte the ion-dipole complex formation 
can be represented as follows: 
_ — — I 2 in case of the 
Illite / H - C - Br hydrogen saturated 
c-f' system . . . . . (2) 
^^~-— -r' 
CHg 
Br 
The binding of the H ion resulted in a decrease In electrical 
conductance. The saturation of the two types of sites one after 
another were in consonance,*wi€h'ithe earlier stipulations of two 
binding sites for adsorptl^mwi^h different energy levels. 
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An examination of x-ray data vide table XXIII and Fig.12 
o 
showed a small expansion In basal spacing viz., 0.23 and 0.11 A on 
treatment of the Na-, Ca- and H-lllltes with nemagon. Heat treatment 
was generally without effect on the basal thickness of the complex. 
This showed only the adsorption of the chemical on the edges and 
comers of the clay lattice. The process of adsorption with the 
initial steep rise in adsorption isotherms thus appeared to be mainly 
the result of interaction of nemagon with the exchangeable cations 
and the negative spots at the edges, corners and lateral surface of 
illites. 
To further confirm the evidence obtained during these studies 
on the nature of complexes formed between H-, Na- and Ca-lllites and 
nemagon, l.r. spectra of illites, the pesticide and their complexes 
were obtained (Fig.13). Due to limitation imposed by experimental 
conditions, the quality of infrared spectra obtained was, however, 
poor and the data obtained on the complexes were of doubtful signifi-
cance. However, for the sake of information the results are being 
given below. 
The more important peaks for illites occurred in the regions 
3600-3615 cm"^ (OH), 3^20 cm"^, 3360-3380 cm"^ (HgO), 1020 cm"^ 
(Si-O-Si), 900 cm~^ (Al-OH-Al), 820 cm""^  (Fe-OH-Pe), 530-510 cm"^ 
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(Si-O-Al), vide Pig.13 and recorded in tables XXIV to XXVI. Infrared 
spectxnim lor l,2-dll)romo-3-chloropropane yielded absorption peaks 
—1 —1 
in the frequency ranges 2900 cm~ with shouldering at 3000 cm (C-H), 
2740 cm"^ (C-H), 1440-13^0 cm"^ (C-H), 1165-850 cm"^ (C-C), 700 cm"^ 
(C-Cl) and 575 cm~^ (C-Br) vide Pig.7, curve 7 and recorded in 
tables XXIV to XXVI. 
An examination of the spectra of acid and base saturated illite 
and their complexes with nemagon revealed the following facts. The 
17 18 intensity, width and half intensity '» of i.r. vibration of C-H, 
C-C, C-Cl and C-Br bands of the pesticides decreased while that in 
the case of illites increased during the interaction. This provided 
support for chemical interaction during the adsorption of the chemical 
by the illites. 
The interaction of nemagon with H-saturated illite at highest 
adsorption resulted in the shifting of 3380 cm" stretching band 
towards a lower frequency. The shifting of OH stretching band, at 
3615 cm" to a lower wave number, the disappearance of the bending 
-1 1 
vibration at 820 en and the stretching frequency at 685 cm indicated 
interaction of the pesticide at the edge surface of illite. The 
shifting of nemagon bands at 2900 cm~^ (C-H) 2740 cm"^ (C-H) and 
575 cm" (C-Br) to higher frequencies and of 700 cm" (C-Cl) to a 
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lower one also suggested an Interaction at these points. 
Almost similar frequency shifts hut with a higher intensity 
were observed in case of the interaction between Na-illite and 
nemagon. In the adsorption of nemagon on ga-illite, the C-Cl hand 
at 700 cm shifted to a lower frequency and the CrBr hand at 
575 cm disappeared* 
These spectral changes, therefore, provided evidence in 
support of the assumption drawn from adsorption, desorption, x-ray 
diffraction, pH and EC changes on the mechanism of the interaction 
between acid and base saturated illite and l,2-dibromo-3-chloropropane. 
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ADSORPTION AND INTERACTION OF 1,2~PIBR0M0-3-CHL0R0PR0PANE 
WITH KAOLINITE 
Quite a few halogenated organic chemicals are used as 
pesticides in modem agricultural practice. The pesticidal action 
of these chemicals, to a large extent, depends on their concentration 
in soil solution. The disappearance of a pesticide hy adsorption 
and interaction with the various soil components greatly reduces 
its efficiency in the soil medium. 
The adsorption of an organic compound hy the clay depends 
1 2 
upon several factors * such as the nature of the adsorhate and 
ahsorhent, the exchangeable cations on the clay surface, pH and the 
solvent. Negative, selective and preferential adsorption has heen 
observed by Kipling-^, Adsorption isotherms have been used tft provide 
4 
information on the mechanism of adsorption. Giles, et al, have 
classified the various shapes of adsorption isotherms with respect to 
the reaction mechanism concerned. 
Eaolinite occurs on a large scale as the chief constituent 
of kaolinitic soils. The clay mineral has been reported to possess 
reactive sites of changing polarity at the edges and comers of the 
clay lattice-^ . . 
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The chief aim of the present work was to examine the mechanism 
of adsorption and interaction of l,2-dihromo-3-chloropropane coimnonly 
known as nemagon, on the kaolinite surface* It was hoped that such 
a study will prove useful in elucidating the mechanism of adsorption 
of the organic pesticide on acid and base saturated kaolinites. 
E X P E R I M E N T A L 
The clay mineral used in these investigations was kaolinitci 
collected from Bath, South Carolina by Dr.Ralph J.Homes and verified 
under his direction in the Mineralogical Laboratories of the Columbia 
University by comparison with the original sample of the American 
Petrolium Institute Project No.49. The sample was obtained from 
Wards Natural Science Establishment Inc., Rochester,U.S.A. It was 
broken up in a mortar using a rubber covered pestle. The organic 
matter was oxidised with hydrogen peroxide and the mixture diluted 
with distilled water. The illite was then dispersed by electrical 
stirring. The suspension obtained was passed through sheets of 
Whatmann filter paper fitted in the bowl of "International Chemical" 
centrifuge at a speed of 3500 rpm to remove any coarse matter. The 
suspension consisted of less than 2 micron kaolinite particles. 
Hydrogen^ sodium and calcium-kaolinites were prepared from the 
±±k 
above illite suspension by the methods as described earlier in 
Chapter I. The suspensions for preparation of acid and base saturated 
montmorillonites. The suspensions contained 20.2, 26.1 and 21.9g 
respectively of H-, Na- and Ca-illites per litre. 
The experiments on the adsorption, desorption, estimation 
7 
of nemagon , BEC, calculation of free energy, plot of Langmuir 
isothers, potentiometric and conductometric titrations, x-ray 
diffraction and infrared spectroscopy were conducted in the same 
manner as described earlier in Chapter I in the case of adsorption 
of nemagon on montmorillonite clays. The base exchange capacity of 
the kaolinite was found by Ganguli's method to be ^,3 meq per lOOg 
clay. For the preparation of nemagon complexes for x-ray diffraction 
20ml each of the H-, Na- and Ca-kaolinite suspensions were taken 
» 
in 100ml glass stoppered pyrex conical flask, and 28, 2k and 2%ml of 
standard nemagon solution added to each clay suspension. This 
corresponded to maximum adsorption sites; 11.52, 22.68 and 19.69 mmoles 
of nemagon adsorbed per lOOg kaolinite. The mixtures were adjusted 
to a constant volume of 50ml with distilled water and shaken in the 
same manner as in the case of adsorption experiments. Rest of the 
treatments were done as described earlier in the case of x-ray analysis 
of montmorillonite-nemagon complex samples (Chapter I of this thesis). 
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The results of adsorption of nemagon on acid and base 
saturated kaollnites are given in tables XXVIII to XXIX (Fig.lii), 
those for gree energy changes during adsorption vide table XXX, the 
Langmulr isotherms vide Pig,15 and the results of desorption of 
nemagon from kaolinite complexes vide tables XXXI and XXXII. The 
results of potentiometric and conductometric titration appear in 
tables XXXIII to XXXV, Pigs.16 and 17j those for x-ray diffraction 
analysis in table XXXVI, Fig,18 and infrared spectra vide Fig.19, 
with results in tables XXXVII to XXXIX. 
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TABLE XXVII 
Adsorption of nemagon by hydrogen saturated kaollnite 
Concentration of clay suspension = 
Volume of clay suspension taken = 
Strength of nemagon solution « 
Total volume of mixture (clay suspension + 
nemagon + water) = 
20.2g per litre 
10.0ml 
2,0g per litre 
25.0ml 
Volume of supernatent liquid taken for 
determination 
Volume of 0.02N AgNO- added 
1.0ml of 0.02N AgNO_ 
10.0ml 
20.0ml 
40x10 «g of nemagon 
Amount of 
nemagon added 
in MgxlO* 
1 
Volume ol 
0.02N KCNS 
used in 
titration 
in ml 
t 
Volume of 
0.02N AgNO, 
used for 
reacting with 
unadsorhed 
nemagon in ml 
EquiliTjrium 
concentration 
of nemagon in 
mmoles per 
litre 
t 
l!lem£^ on 
adsorbed in 
mmoles per 
lOOg clay 
Nil 20.00 0.00 0.00 0.00 
5 20.00 0.00 0.00 1.04 
10 20.00 0.00 0.00 2.09 
20 20,00 0.00 0.00 4.18 
40 19.88 0.12 0.22 5.86 
80 19.50 0.50 0.84 6.28 
120 19.00 1.00 1.68 4.18 
160 18.62 1.38 2.35 4.61 
200 18.25 1.75 2.96 5.24 
240 18.00 2.00 5.58 8.56 
280 17.75 2.25 3.81 11.52 
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TABLE XXVIII 
Adsorption of nemagon by sodium saturated kaollnite 
Concentration of clay suspension 
Volume of clay suspension taken 
Strength of nemagon solution 
Total volume of mixture (clay suspension + 
nemagon + water) 
Volume of supematent liquid taken for 
detezmination 
Volume of 0.02N AgNO- added 
1.0ml of 0.02N AgNO-
26.Ig per litre 
10. Oral 
2jZ^ .0g per litre 
25.0ml 
10.0ml 
20.0ml 
2 
40x10 Mg of nemagon 
Amount of 
nemagon added 
2 in jugxlO 
•T -
Volume of 
0.02N KCNS 
used in 
titration 
in ml 
""i" 
Volume of 
0.02N AgNO-
used for 
reacting -with 
unadsortoed 
nemagon in ml 
• • * • ' " — 
Equilibrium 
concentration 
of nemagon 
in mmoles per 
litre 
-, 
Nemagon 
adsorbed in 
mmoles per 
lOOg clay 
Nil 20.00 0.00 0.00 0.00 
5 20.00 0.00 0.00 0.81 
10 .20,00 0.00 0.00 1.62 
20 20.00 0.00 0.00 3.24 
kO 19.88 0.12 0.22 4.53 
80 19.75 0.25 0.42 8.91 
120 19.62 0.38 0.64 13.28 
160 19.38 0.62 1.05 15.87 
200 19.25 0.75 1.26 20.25 
240 19.00 1.00 1.68 22.68 
280 18.50 1.50 2.52 21.06 
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TABLE XXIX 
Adsorption of nemagon "by calclmn saturated kaollnite 
Concentration of clay suspension 
Volume of clay suspension taken 
Strength of nemagon solution 
Total volume of mixture (clay suspension + 
nemagon + water) 
Volume of supematent liquid taken for 
determination 
Volume of 0.02N AgNO- added 
1.0ml of 0.02N AgNO-
21.9g per litre 
10.0ml 
2.0g per litre 
25.0ml 
10.0ml 
20.0ml 
2 
40x10 ttg of nemagon 
-f — > - 1 1 
Amount of 
nemagon added 
2 in ttgxlO 
Volume of 
0.02N KCNS 
used in 
titration 
in ml 
Volume of 
0.02N AgNO 
used for 
reacting with 
unadsorhed 
nemagon in ml 
Equilibrium 
concentration 
of nemagon 
in imaoles per 
litre 
Nemagon 
adsorbed in 
mmoles per 
lOOg clay 
Nil 20.00 0,00 0.00 0.00 
5 20.00 0,00 0.00 0.96 
10 20.00 0.00 0.00 1.93 
20 20.00 0.00 0.00 3.86 
40 • 19.88 0.12 0,22 5.41 
80 19.60 0.40 0.68 7.72 
120 19.58 0.62 1.05 11.05 
160 19.12 0.88 1,48 13.92 
200 18.80 1.12 1.89 16.99 
240 18.62 1.38 2.35 19.69 
280 18.12 1.88 3.18 17.77 
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TABLE XXX 
Free energy changes during adsorption of npmagon 
by acid and base saturated kaollnltes 
Temperature In Kelvin degrees 
Molar gas constant (R) 
306*K 
1.9«7 Calories per degree abs. 
per mole 
1 1 1 
Nature of kaollnlte Initial 
concentrati-
on of 
Equilibrium 
• concentra-
tion of C e 
Free energy 
nemagon 
WgxlO 
Co 
in nemagon in 
ugxlO^ 
^0 
40 12 0.30 
/ 
712.18 
Hydrogen-kao Unite 160 138 0.86 91.72 
280 225 0.80 93.68 
•Average F 
- - - 299.19 
kO 12 0.30 712.18 
Sodlum-kaollnite 160 62 0,38 588.39 
280 150 0.54 574.71 
•Average F "• « • 
- 558.42 
kO 12 0.30 712.18 
Balcluffl-kaoimite 160 88 0.55 363.51 
280 188 0.67 243.51 
-Average F •N • • *" 439.73 
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TABLE XXXI 
Effect of different electrolytes on the desorption of nemagon 
from hydrogen kaollnlte 
Volume of water for dispersion of precipitate = 
Volume of 0.05N of different electrolytes added = 
Total volume of mixture (nemagon-kaolinite 
precipitate + electrolyte + water) « 
Volume of supematent liquid taken for 
determination s 
Volume of 0.02N AgNO, added « 
1.0ml of 0.02N AgNO„ « 
10.0ml 
4.0ml 
25.0ml 
10.0ml 
20.0ml 
2 
40x10 jttg of nemagon 
— ^ . . . . . i . i i . . - - , - • T — 1 r 
Amount of 
nemagon in 
complex in 
ngxlO^ 
Electrolyte 
used 
Volume of 
0.02N KCNS 
used for 
titration 
in ml 
Volume of 
0.02N AgNO-
used for 
reacting with 
unadsorhed 
nemagon in ml 
Nemagon 
desorl)ed in 
2 
MgxlO 
55 HgO 20.0 0.0 Nil 
55 KBr 20.0 0.0 Nil 
55 KCl 20.0 0.0 Nil 
55 20.0 0.0 Nil 
55 W'sgv 20.0 0.0 Nil 
55 
'J 
Na^SO^, ^ 
>, ,^  a f. 
20.0 0.0 Nil 
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TABLE XXXII 
Effect of different electrolytes on the desorptlon of nemagon 
from sodium kaollnlte 
Volume of water for dispersion of precipitate = 10.0ml 
Volume of 0«05N of different electrolytes added «= 4,0ml 
Total volume of mixture (nemagon-kaolinite 
precipitate + electrolyte + water) = 25.0ml 
Volume of supernatent liquid taken for 
determination s lO.Oml 
Volume of 0.02N AgNO- added =: 20.0ml 
l.Oml of 0.02N , AgNO^ as 40x10 ttg of 
nemagon 
1 1 1 
Amount of 
nemagon In 
complex in 
MgxlO 
Electrolyte 
used 
Volume of 
0.02N KCNS 
used for 
titration 
in ml 
Volume of 
0.02N AgNO-
used for 
reacting with 
unadserhed 
Nemagon 
adsorbed in 
AJgxlO^  
nemagon in ml 
140 HgO 20.0 0.0 Nil 
140 KBr 20.0 .0.0 Nil 
140 KCl 20.0 0.0 Nil 
140 KNOj 20.0 0.0 Nil 
140 KgSO^ 20.0 0.0 Nil 
140 NagSO^ 20.0 0.0 Nil 
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TABLE XXXIII 
Potentiometric and conductometric titrations of hydrogen 
on 
saturated kaolinite with L nemagon 
Concent rat ii of clay suspension « 20.2g per litre 
A 
Volume of c lay suspension taken - 10.0ml 
Strength of nemagon solutic )n as 2.0g per litre 
Volume of 
nemagon added 
in ml 
• 
Volume of 
water added 
in ml 
1 1 
mmoles of 
nemagon added 
per lOOg of 
clay 
1 
pH of the Conductance 
mixture ^IA-5 „U^^ ««.-! xlO mhos cm 
Nil 15.00 0.00 4.40 2.86 
0.25 14.75 1.04 4.45 2.74 
0.50 14.50 2.09 4.50 2.63 
1.00 14.00 4.18 4.55 2.63 
2.00 13.00 8.36 4.60 2.63 
4.00 11.00 16.72 4.70 2.63 
6.00 9.00 25.08 4.75 2.63 
8.00 7.00 33.^4 4,80 2.63 
10.00 5.00 41.80 4.80 2.63 
12.00 3.00 50.16 4.80 2.63 
14.00 1.00 58.52 4.80 2.63 
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TABLE XXXIV 
Potentiometric and conductometrlc titrations of sodium 
saturated kaolinite with nemagon 
Concentrati on of clay suspension a 26.Ig per litre 
Volume of c lay suspension taken s 10.0ml 
Strength of nemagon solution 8 2.0g per litre 
Volume of 
nemagon added 
in ml 
* 
Volume of 
water added 
in ml 
1 1 
mmoles of 
nemagon added 
per lOOg of 
clay 
pH of the 
mixture 
Conductance 
xlO'^ i« 
mhos cm-1 ' 
Nil 15.00 Nil 7.40 
•« 
4.11 
0.25 14.75 0.81 7.50 3.99 
0.50 14.50 1.62 7.65 3.76 
1.00 14.00 3.24 7.70 3.60 
2.00 13.00 6.48 7.75 3.60 
^.00 11.00 12.96 7.80 3.60 
6.00 9.00 19.44 7.80 3.60 
8.00 7.00 24.92 7.80 3.60 
10.00 5.00 32.40 7.80 3.60 
12.00 3.00 38.88 7.80 3.60 
14.00 1.00 45.36 7.80 3.60 
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TABLE XXXV 
Potentiometrie and conductometric titrations of calcium 
saturated kaollnite with nemagpn 
Concentration of clay suspension 
Volume of clay suspension taken 
Strength of nemagon solution 
21.9g per litre 
10.0ml 
2.0g per litre 
T 
Volume of Volume of 
nemagon added water added 
in ml in ml 
mffloles of pH of the 
nemagon added mixture 
per lOOg of 
clay 
Conductance 
xlO -^  %a mhos 
cm 
-1 
Ni l 15.00 N i l 6.40 3.76 
0.25 14.75 0.96 6.45 3.60 
0.50 14.50 1.93 6.50 3.55 
1.00 14.00 3.86 6.55 3.46 
2.00 13.00 7.72 6.65 3.37 
4.00 11.00 15.44 6.75 3.29 
6.00 9.00 23.16 6.85 3.29 
8.00 7.00 30.88 6.95 .3.29 
10.00 5.00 38.60 7.00 3.29 
12.00 3.00 46.32 7.00 3.29 
14.00 1.00 54.04 7.00 3*29 
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TABLE XXXV] [ 
Basal spaclngs of Na-, Ca-, H-, npraagon-, glycer: Ine-
and heat treated samples of kaollnite clays 
Nature of clay 
1 
Basal spacin/s^ s 
at 001 
reflections 
in A" 
1 
Difference 
in A 
H-treated kaollnite 7.1 S 
Nemagon treated H-kaollnlte 7.1 M 0.0 
0 
H-treated kaollnite at 550 C Collapsed M B 
Na-treated kaollnite 7.0 S 
-
Nemagon treated Na-kaollnlte 7.2 M 0.2 
Glycerine treated Na-kaolinlte 7.1 S 0.1 
Nemagon complex treated with glycerine 7.3 V 0.1 
o 
Na-treated kaollnite at 550 C Collapsed -
0 
NemajE;on treated Na-kaollnite at 550 C Collapsed ' ^ 
Ca-treated kaollnite 7.1 M • 
Nemagon treated Ca-kaollnite 7.2 M 0.1 
o 
Ca-treated kaollnite at 550 C Collapsed 
-
0 
Nemagon treated Ca-kaolinlte at 550 C Collapsed — 
Fiy-18- X - ray dlFf^ac^og^ams oF (1) H-kaolinihe , (2) H-koohni^c-ncmagon complex, 
(3) H-kaolinire at 550**C, (4)H-koollni^e ncmagon cortiplcx at SSO^ C > (5) N o -
kaohniJ-c^ (6) Glycerine treated Na-kaolinihc (6)^ (7) Na-kaol in i re-ncmagon 
complex (8) Glycerine treated nemagon complex (9) Na-koo l in i fe at SSo'c 
(10) Na-kaol in l rc nemagon complex a^ SSO '^C (11) Ca~kaolini^e (12) C a -
kaolinil-c-nemagon complex (13) Ca-kao l i n i f c at 550**C (14) Co koolinihe-
nemagon complex o^ SSO'C. 
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R E S U L T S A N D D I S C U S S I O N 
Adsorption of l,2-diljromo-3-chloropropane Ijy acid and base 
saturated kaollnite suspensions (concentration 20,2 to 26.ig per 
litre) In the equilibrium concentration range of 0 to 3.8 mmoles of 
the fumlgant per litre is represented hy isotherms given in Fig.14 
(curves 1 to 3) with results in tables XXVII to XXIX. An examination 
of the isotherms revealed that they were similar to class 'H' isotherms 
as defined by Giles et al. . Nemagon was completely adsorbed by acid 
and base saturated systems till a critical quantity was reached (4.2, 
3,3 and 3.9 mmoles per lOOgjil of H-, Na- and Ca-clay respectively). 
Such initial steep rises in adsorption were indicative of chemisorption 
occurring on the outer edges of clays with edge to edge ion attraction. 
Thereafter a change of slope occurred in the curves and the adsorption 
continued to rise in the base saturated systems till a value of 22.7 
mmoles per lOOg in case of Na-kaolinlte and 19.7 mmoles in case of 
Ca-kaolinite was reached. The adsorption then declined. The 
H-kaolinite system, however, showed a negative adsorption over a 
small range of equilibrium concentration before reaching a positive 
adsorption value of 11,5 mmoles per lOOg clay. 
The 'H» shaped nature of adsorption isotherms suggested 
adsorption occurring at different spots with different energy levels 
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as they underwent saturation one after another. The adsorption was 
In excess of BEC. 
A langmuir plot of the adsorption data showed a large deviation 
in the case of H-kaolinite and small curvatures in the case of the 
hase saturated systems (Fig.15) signifying multimolecular adsorption 
or adsorption occurring at different spots by more than one mechanism. 
Nemagon showed the maximum affinity for Na-kaollnlte and 
the minimum for H-kaolinite; the initial positive adsorption followed 
the order Na-clay ^ C-clay ^H-clay, This was in accordance with 
the deflocculatlon effect and surface area of the Na-, Ca- and 
H-kaolinites, The nature of cation thus determined the extent of 
adsorption. The order of adsorption found confiiTnation from the free 
energy changes that occurred during the interaction. The changes in 
partial molar free energy of the system F, as a result of adsorption 
were calculated from the thermodynamic relationship, 
^e 
-F « RT In -^ , 
^o 
where C and C were the equilibrium and initial concentrations of the 
suspension respectively, Anaverage of three values of F for the Na-, 
Ca- and H-saturated systems were 558.4, 439.7, 299.2 cal/mole 
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respectively vide table XXX. The magnitude of the partial molar 
free energy changes indicated that the adsorption followed the same 
order as indicated by the adsorption isotherms. 
An examination of the pH or electrical conductivity changes 
observed during the interaction between the acid and base saturated 
kaolinites and nemagon did not reveal any significant changes when 
compared to the control. The pH range was: H-kaolinite 4.4 to 4,8, 
Na-kaollnites 7.4 to 8,0, Ca-kaolinite 6.4 to 7.0 vide Fig.16 and 
tables XXXIII to XXXV. The electrical conductivity remained almost 
constant (EC order 2.86 to 2.63, 4.11 to 3.60 and 3.76 to 3.29x10"^ 
mhos cm for H-, Na- and Ca-kaolinite respectively vide Fig.17 and 
tables XXXIII to XXXV. These observations were highly significant 
and ruled out any kind of ion exchange or protonation during the 
adsorption. 
The pesticide was a non-ionic dipolar molecule with the 
structure 
H 
Br - CHg - C - CHg - CI 
Br 
The negative and positive potential sites of the pesticide would 
provide a strong electrostatic attraction between the positive (cations) 
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and negative (hydroxyls) binding sites of kaollnites at their lateral 
9 10 
surface resulting in formation*of lon-dipole bonds^* giving 
complexes of the type 
n M, 
y \ 
< r - <?+ 
H 
I 
N 
<?+ ^ > < s -
Br - CHg - C - CHg - CI 
I 
Br 
or Br • 
iS—A. 
/ \ 
/ \ 
/ H V 
CXIM •» C *• CH«. 2 , 2 
Br 
CI 
I, With exchangeable cations 
(^  = H*, Na*, Ca**) 
II. With negative spots or 
hydroxyls at the edges 
These interactions were in accordance with the pH and electrical 
conductivity changes and in accordance with the earlier stipulations 
of interaction occurring at two binding sites at the edges and 
corners of kaollnites. By virtue of the ion-dipole interaction at 
more than one site, the adsorption was greater than the BEC or where 
cation exchange alone operates. There is evidence for formation of 
such bonds between clay water and non-ionic polar pesticide systems 10 
An examination of the x-ray diffraction data vide table XXXVI 
and Fig. 18 indicated that the adsorption of the fumigant on a;i?cid or 
base saturated kaollnites did not result in any significant increase 
in basal spacing. Treatment of the complex with glycerine showed no 
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o 
variation. Heat treatment at 550 C resulted in a complete collapse 
of the kaolinite peaks. The process of chemisorption with the 
initial steep rise in the adsorption isotherms and interaction of 
nemagon with the active sites at the edges and comers of the 
kaolinites, with no significant interactions at the lateral surface, 
thus found confirmation from the x-ray results. 
To further confirm the evidence obtained during these studies 
on the nature of complexes formed between H-, Na- and Ca-kaolinites 
and nemagon, i.r. spectra of kaolinite, the pesticide and their 
complexes were obtained and are given in Fig.19. Due to the limita-
tions imposed by experimental conditions, the data obtained on the 
complexes were of doubtful significancey However, for the sake of 
information they are being given here. 
The infrared spectra of H-, Na- and Ca-kaolinite yielded 
absorption peaks in the frequency ranges: 3670-3680 cm (inner 
surface OH), 3600 cm" (outer surface OH), 3400 cm~^ (H;LO), 990-1110 
cm"^ (Si-O-Si), 780 cm"^, 7^0 cm~^ and 680 cm'^ (Si-O-Al) along with 
a few miner peaks vide tables XXXVII to XXXIX. Infrared spectrum 
of l,2-dibromo-3-chloropropane (Fig.7, curve 7) yielded absorption 
peaks in the frequency rfinges: 2900 cm"^ with shouldering at 3000 cm""^  
(C-H), 2740 cm'^ (OH), iifO-1340 cm'^ (C-H), 1165-850 cm'^ (C-C), 
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700 cm"^ (C-Cl) and 575 cm** (C-Br) vide tables XXXVII to XXXIX. 
The interaction of the fumigant with H-kaolinite resulted 
-1 11 
in the shifting of the 3405 cm stretching hand towards a higher 
frequency range (3420 cm' ) indicating the removal of physically 
adsorbed water hulls from the clay surface. The shifting of nemagon 
band at 2900 cm" (C-H); 2740 cm" (C-H) and the disappearance of the 
C-Cl and CrBr bands from the i,r. spectrum of the complex suggested 
12 interaction at these points. Occurrence of a new in;:plane vibration 
-1 -1 
band at 1000 cm and shifting of 680 cm bending to a higher freque-
ncy pointed to exposition of Si-O-Si and Si-O-Al groups at the clay 
surface. The possibility of the formation of hydrogen bond between 
the H ions of the clay surface and the halides of the organic molecules 
appeared remote because H-bonding is generally accompanied by lowering 
of absorption frequencies which were not observed in the present case. 
The spectral changes during the interaction of Na>kaolinite 
-1 -1 
and nemagon were more marked. Thus the 3670 cm and 3600 cm OH 
stretching vibrations shifted to higher frequencies. Higher shift 
—1 
also occurred in the HgO stretching band at 3400 cm , Si-O-Si bands 
at 1090 cm~ and 990 cm"*, Si-O-Al bands at 90O cm"*, 740 and 682 cm"*. 
-1 -1 
New pesticide bands appeared at 2920 cm and 2850 cm with shoulder-
-1 ing at 2960 cm . Stretching band of C-Cl and C-Br disappeared. 
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Almost similar spectral changes occurred in the case of 
-1 Ca-kaolinite except that the band at 3400 cm and stretching between 
1360~1560 cm" which were absent in Ca-kaolinite reappeared on 
treatment with nemagon. The C-Cl and C-Br band disappeared as usual. 
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CHAPTER IV 
THE CHEMISTRY AND PHYTOTOXICITY OF NEMAGON IN FERTILISED SOIL 
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THE CHEMISTRY AND PHYTOTOXICITY OF NEMAGON IN FERTILISED SOIL 
Fertilisers have been used extensively by farmers since 
very early times to get high yield of ci?ops. Pests and soil horn 
pathogens, however, seriously hinder these growths. In present day 
agricultural practice, therefore, the use of fertilisers has often 
to he supplemented hy the use of pesticides. Among the pesticides, 
1 2 
soil fumigation » , particularly with chloride and bromide containing 
chemicals, is widely used for soil sterilisation, chiefly for killing 
nematodes and root-rot fungi. Besides having nematocidal action, 
the fumigants interact chemically and biologically with soil 
components with beneficial and sometimes adverse results. Several 
mechanisms * of fumigant damage to roots and interferences with 
availability of nutrients have been reported. While considerable 
information is available on the individual effects of fertilisers 
and fumigants on plants not much is known about the interactions of 
the fumigants with fertilisers as measured by nutrient availability 
in soil, growth of plants and phytotoxicity. In view of the importance 
of the chemical and biological interactions, the phytotoxicity and 
other pollution hazards, a study was undertaken to evaluate the 
effects of l,2-dibromo-3-chloropropane, commonly known as nemagon and 
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the more commonly used fertilisers on the growth of a widely grown 
crop, viz., tomato plants, as measured in terms of fresh weight, 
height, periphery, the root system as well as nutrient availability 
in soil. 
E X P E R I M E N T A L 
The saline surface soil samples were collected from a 
representative area of the district (Aligarh, India) from a depth of 
0-30 cm. The soil samples were dried, crushed and seived through a 
h mm seive. The chemical characteristics of the soil are given in 
tahle XL. The fumigant used was l,2-dihromo-3-chloropropane, 
CHgBr.CHBr.CHgCl, commonly known as nemagon. 
The experiments on the chemistry and phytototoxicity of 
nemagon in the saline soil were conducted in seventy two earthenware 
pots, 15 X 15 cm in size. The pots were cleaned and coated with 
coaltar to prevent the adsorption of water. 
Samples weighing one kilogram each of the saline soil were 
taken in earthenware pots. There were twenty four treatments in 
three replications consisting of various combinations of eight 
fertilisers and three doses of nemagon. The fertiliser levels were: 
no fei^ tiliser (control), urea, ammonium sulphate, calcium ammonium 
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nitrate (CAN), dlananonium phosphate (DAP), NPK complex, superphosphate, 
and murate of potash at the rate of Ig* nitrogen, Ig^ phosphorus and 
Ige potassium respectively. The soil and the finely ground fertili-
sers were mixed thoroughly to ensure an even distribution. The pots 
containing the soil samples were saturated to water holding capacity, 
Nemagon was injected in the following doses, 0.0, 0.2 and 0.5 ml, in 
each of the fertilised samples in three replications hy means of a 
pipette through a hole made half-way down the centre of the soil 
column. The holes were then sealed hy the surrounding soil and 
after fifteen days, fortnight old seedlings of a procured variety of 
tomato were transplanted in each of the pots. The pots were watered 
with equal amounts of water throughout the course of the experiment. 
After forty five days the plants were photographed (Fig.20) and then 
harvested. Fresh weight, height and periphery of the shoots of each 
plant was recorded. The data are given in table XLI. The roots of 
the plants were removed from the soil by washing with water and 
photographed (Fig.21). Fresh weight and length of the roots were 
measured and recorded vide table XLIl. Simultaneously the same 
experiment was conducted with soil without growing plants and the 
soil analysed for available nitrogen, phosphorus, potassium and water 
soluble halides before fumigation and at the end of the experiments. 
The results are recorded in table XLVI. 
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DETERMINATION OF AVAILABLE NITROGEN 
Ava i l ab l e n i t r o g e n was determined as per a l k a l i n e permanganate 
7 
method . 
Reagents:- 0.325^  potassium permanganate solution, 2.5^ sodium 
hydroxide, N/50 sulphuric acid, N/50 sodium hydroxide and methyl 
red indicator. 
Procedure;- 10 grams of each of the soil samples were taken in 
kjeldahl flasks and 10ml of distilled water in each case, 50ml of 
0.32% potassium permanganate and 50ffll of 2,5% sodium hydroxide 
solution were added. The flasks then immediately fitted to the 
distillation apparatus, 10ml of N/50 sulphuric acid were taken in 
conical flasks and the end of the delivery tuhes was dipped in them. 
Ammonia gas was distilled from distillation flasks and about 20ml 
of the filtrate collected in each case in flasks containing sulphuric 
acid. The excess sulphuric acid was titrated against N/50 sodium 
hydroxide in presence of methyl red indicator. From the volume of 
sulphuric acid used up, available nitrogen was calculated using the 
relation 1ml of N/50 sulphuric acid = 2,8mg nitrogen. The results 
are recorded in table XLIII, 
DETERMINATION OF AVAILABLE PHOSPHORUS 
Available phosphorus was determineq(as per Olsen's method , 
1^0 
Reagents:- 0.5M sodium bicarbonate of pH 8.5, dareo G 60 phosphorus 
free charcoal, ammonium molyhdate hydrochloric acid solution (15gm 
ammonium molybdate plus 30ml concentrate hydrochloric acid plus 650ml 
warm distilled water), stannous chloride solution (lOgm SntsClg SH^O 
in 25ml concentrate hydrochloric acid, 0.5ml of this solution was 
diluted with 66ml of distilled water) and phosphorus standards. 
Procedure;- 5 grams of each of the soil samples were taken in i50ml 
conical flasks and a teaspoon of carbon black was added in each case. 
The samples were then treated with 100ml of extracting solution 
(0.5M NacHC0„). Contents of the flasks were shaken for 30 minutes 
on a mechanical shaker and then filtered through Whatman filter 
paper number ^ 2. 
5ml of the clear soil extracts were taken in 25ml of measuring 
flasks and 5ml of ammonium molybdate added. The neck of the flasks 
were washed with distilled water. After shaking 1ml of stannous 
chloride was added and the volume made upto the mark. Blue colour 
then developed. A blank was prepared in the same way. The absorbance 
of the solutions were recorded with Bausch and Lomb spectronic '20* 
at a wavelength of 66Ctau using red filter, A phosphorus standard 
curve was earlier prepared in the concentration range of 0 to 25 ppm 
vide figure 20, curve 1. The results for available phosphorus content 
0-6 0-40 
0.35 
0.30 
1 • - P h o s p h o r u s 
2 O-Porossium 
0 5 10 15 20 25 
Concen^•^a^lon oF elemcnfs in ppm 
Fig.20- SfuricJard curves for phosphorus and pofossium usig 
s p c c f r o p h o t o m c f n c Vechnique 
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were then evaluated from the standard curve and are given in 
table XLIV. 
DETERMINATION OF AVAILABLE POTASSIUM 
q 
Available potassium was determined as per turbidity method^ 
of Dutta et^al. 
Reagents;- Morgan's reagent (100 gram sodium acetate plus 30ml 
glacial acetic acid was made up to one litre with distilled water)^ 
equal volumes of isopropyl and methyl alcohol mixture, sodium 
cobaltinitrite solution and standards of potassium. 
Procedure:- 2 grams of each of the soil samples were taken in 100ml 
conical flasks and 25ml of Morgan's reagent added* The conical flasks 
« 
were shaken for 5 minutes and then filtered through Whatman filter 
paper number 42. 
2ml of the alcohol mixtures were taken in test tubes and 
6 drops of sodium cobaltinitrite solution added in each case. After 
shaking, 2ml of above soil extracts were added and the volume made 
upto 10ml with Morgan's reagent. The solutions were shaken vigorously 
for 20 seconds. A uniform turbidity developed. A blank was prepared 
in the same way using 2ml of Morgan's reagent. The absorbance of 
the turbid solutions was recorded with Bausch and Lomb spectronic '20' 
±k2 
at a wavelength of 660iiiu using red filter. A potassium standard 
curve was earlier prepared in the concentration range 0-90 ppm vide 
Fig.20, curve 2. The temperature throughout the experiment was 
o 
maintained below 20 C by cooling in ice. The results evaluated for 
available potassium from the standard curve are given in table XLIV, 
DETERMINATION OF WATER SOLUBLE HALIDES (CHLORIDE * BROMIDE) 
Water soluble halides were estimated as per Volhard's silver 
10 thiocynate-ferric alum method 
Reagents;- O.OIN silver nitrate, O.OIN potassium thiocynate, saturated 
solution of ferric alum and 6N nitric acid. 
Procedure;- 20g of each of the soil samples and were taken in lOOml 
glass stoppered pyrex conical flasks and 20ml of distilled water was 
added in each flask. Contents of the flasks were shaken for 30 minutes 
on a mechanical shaker and then filtered through Whatman filtetr paper 
No.42. 
10ml each of the clear soil extracts were taken in 100ml 
conical flasks and 2ml of 6N nitric acid and 10ml of O.OIN silver 
nitrate added. The mixtures were shaken well so as to precipitate 
all the chloride and bromide. The excess of silver nitrate was 
determined by titrating against O.OIN potassium thiocynate using 1ml 
143 
of saturated ferric alum as Indicator, A blank titration was also 
carried out in the same way. From the volume of silver nitrate used 
up, the water soluble halides were calculated using the relation 
1000ml of N silver nitrate = 1000 meq (chloride + hromide). The 
results are recorded in table XLV, 
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Effect of different doses of nemagon on shoot growth of 
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TABLE XLVI 
Effect of nemagon on nutrient and hallde availability 
in fertilised soils 
Treatments 
Doses of nemagon in ml per kg soil 
0.0 0.2 0.5 
Available nitrogen in mg per iOOg soil 
Control 0.19 9.38 8.91 
Urea 9.66 15.5^ 13.02 
Ammonium sulphate 8.31 11.71 11.99 
CAN 8.96 15.59 9.05 
DAP 8.68 13.86 13.30 
NPK 16.10 13.02 13.17 
Available phosphurus in mg per lOOg soil 
Control 3.25 7.44 10.25 
Supe]i>hosphate 15 •13 17.54 18.00 
DAP 16.63 17.08 13.75 
NPK 8.25 11.69 11.75 
Available potassium in mg per lOOg soil 
Control 11.00 9.33 7.67 
Murate of potash 22.00 25.33 26.00 
NPK 25.00 27.00 ' 37.50 
Water soluble halides (Chloride * Bromide) in mmoles per lOOg soil 
Control 0.01 0.02 0.03 
Urea 0.01 0.02 0.02 
Ammonium sulphate 0.01 0.02 0.03 
CAN 0.01 0.02 0.03 
DAP 0.01 0.01 0.04 
NPK 0.01 0*02 0.04 
Superphosphate 0,01 0.01 0.02 
Murate of potash 0.03 0.03 0.04 
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R E S U L T S 
The effect of nemagon Interaction with fertilised soils on 
the growth of toina*o plants is represented by Fig.19. The results 
revealed that a dose of 0.2ml of nemagon per kg of soil furnished a 
better growth of plants as compared to unfumigated soil with all 
fertiliser treatments except the NPK complex. Higher doses resulted 
in phytotoxicity vide Fig.20. A reference to table XLI yielded 
similar results in case of fresh weight, height and periphery of 
the shoots. The following order of fresh weight was observed in case 
of 0.2ml nemagon treated plants; calcium ammonium nitrate ^  NPK complex *> 
diammoniiua phosphate "> urea "> ammonium sulphate "> superphosphate "> 
control >^murate of potash vide table XLI and Pig.20. Height was in 
accordance with the following order calcium ammonium nitrate "> aimnonium 
sulphate ^ diammonium phosphate ^ urea">»'NPK complex•>• superphosphate^ 
control>• murate of potash; and periphery varied as calcium ammonium 
nitrate "> urea >^ NPK complex "> diammonium phosphate "> ammonium 
sulphate > superphosphate > control>• murate of potash vide table XLI. 
The data on the fresh weight and length of the roots 
(table XLII, Fig.21) revealed similar results with applications of 
0.2ml nemagon as compared to 0.0ml dose in case of all fertiliser 
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treatments. However, in case of NPK fertilised soil the root system 
(Fig,21) was better developed in unfumlgated soil in comparison to 
fumigated soil. An examination of the roots (Pig,21) showed nematode 
gall foniKitions in case of plants grown on unfumlgated soil with all 
fertilisers. The following order of fresh weight and length of 
roots (Fig.21 and table XLII) was obtained in case of 0.2ml nemagon 
treated soil; superphosphate ^  calcium ammonium nitrate "> ammonium 
sulphate "> urea > control "> diammonium phosphate "> NPK complex *> 
murate of potash and superphosphate > ammonium sulphate ";;> calcium 
ammonium nitrate "> control^ murate of potash>NPK complex "];> diammonium 
phosphate *> urea respectively. 
The data on the interaction of nemagon with fertilised soils 
is reported in table XLVI, The interaction resulted generally in a 
greater release of nutrients with a 0.2ml dose of nemagon per kg of 
soil, as compared to 0.0ml and in some cases even when compared to 
O.Sml doses of the fumigant. The fumigant also under^ irent decomposition 
with time as: Illustrated by an increase in halide content (table XLVI), 
The phytotoxlcity of the halides at higher levels of nemagon 
application on the root system and consequently on the growth of plants 
is evident from an examination of Figs,20 and 21 and table XLVI, 
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, D I S C U S S I O N 
The Investigations carried out above provided interesting 
results on the growth,, phytotoxicity and development of root system 
of tomato plants (Figs.20 and 21) with fumigation of a fertilised soil. 
Healthy growth and root system were positively correlated to nutrient 
release caused hy 0.2ml dose of nemagon vide table XLVI, Inspite of 
a higher release of nutrients with 0.5ml of nemagon as compared to 
0.0ml, the shoot and root growth was poor illustrating clear ' 
phytotoxicity (Pigs.20 and 21). Phytotoxicity occurred with both the 
.doses of nemagon in case of NPK complex fertiliser vide Fig.20. The 
beneficial effects of nemagon interaction on tomato plants appeared 
to be due to the nematocidal action of the fumigant and elimination 
of gall formations from the roots resulting in greater translocation 
of nutrient to the shoots. Dead bodies of myriads of organisms killed 
11 by the fumigant, increase in ammonifying bacteria and stimulation 
bacteria and stimulation in the growth and activity of other soil 
12 
organisms produced nutrients available for immediate assimilation 
of plants. These results were in accordance with higher nutrient 
availability (table XLVl) produced by limited doses of nemagon, 
Phytoxicity at high doses of nemagon inspite of greater 
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availability of nutrients as compared to the unfumlgated soil 
could te ascribed to a high concentration of chloride and bromide 
ions released in the soil (table XLVl) by decomposition of the 
1*5 14 
nematocide which changed the morphology and metabolism of the 
root system (Fig.2l). The injury to the root system caused by 
toxic limits of halides released during the decomposition of higher 
doses of nemagon reduced the uptake of available nitrogen, phosphorus 
and potassium by plants resulting in stunted growth (Fig,20), 
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CHAPTER V 
THE INFLUENCE OF NEMA.GON FUMIGATION ON THE 
MAJOR NUTRIENTS OF A FERTILIZED SOIL 
155 
THE INFLUENCE OF NEMAGON FUMIGATION ON THE 
MAJOR NUTRIENTS OP A FERTILIZED SOIL 
Soil fumigation is widely used in modem agricultural 
practice to obtain high yield of crops. Considerable work has been 
done in the field of nematode and fungus disease control with chloride 
1 2 
and bromide containing fumigants * since around the first of the 
century. Workers * have reported varied physical, chemical and 
biological changes brought about by fumigants in soils. Vork on the 
major nutrient availability in presence of pesticides has been reported 
by Freney^, Castro , Wedding et al.', Alexander , Thiegs", Koike , 
11 12 
Smith and others . Marked alterations in the activity and 
« 
population of microorganisms, acceleration and retardation in nitri-
fication of ammonium nitrogen, increased availability of phosphorus 
and leachability of potassium are some of the reported results -^ , 
There have been variations in effects with lapse of time. Some of 
the conclusions dra\»rn have been contradictory. 
Since nutrient availability has a profound influence on crop 
production and since the use of chlorinated chemicals is finding 
increasing application in agriculture, it was considered worthwhile 
to examine the influence of the fumigant, i,2-dlbromo-3-chloroRr6pane, 
156 
commonly known as nemagon, on nitrogen availability and transforma-
tions, phosphorus and potassium availability and residual halides in 
a sodic saline soil fertilised with diverse fertilisers. The effect 
of passage of time on some of these aspects has also been studied. 
In view of the likely indiscriminate use of such chemicals it has 
been considered that such studies will be useful. 
E X P E R I M E N T A L 
The soil samples used in these investigations were collected 
from the cultivated lands of Aligarh district of Uttar Pradesh in 
India, The soil samples were dried, crushed and sieved through k mm 
sieve. The soil was saline in nature with pH = 8.7, E.G. = 34,6 x 
10 -^  mhos cm , organic matter = 1.00%, CaCO„ = 3.4%, exchangeable 
* 
ammonium = 60.0 ppm, nitrite = 8.0 ppm, nitrate = 36.0 ppm, avai-lable 
* 
phosphorus = 22.5 ppm, available potassium = 87.5 ppm and water 
soluble halides = 0.025 mmoles per lOOg soil. The fumigant used 
was CH2Br,CHBr.CH2Cl, a product of Shell Chemical Corporation. 
The experiment on the influence of nemagon fumigation on the 
major nutrients of a fertilised soil were conducted in seventy two 
earthenware pots, 15 x 15 cm in size. The pots were cleaned and 
coated with coaltar to prevent the adsorption of water. One kilogram 
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of the soil was taken in each of the glazed earthenware pots, 
15 X 15 cm in size. There were twenty lour treatments in three 
replications consisting of various combinations of eight fertilisers 
and three doses of nemagon. The fertiliser treatments applied to 
the soil.samples and relevant to this discussion were- no fertiliser 
(control), urea, ammonium sulphate, calcium ammonium nitrate (CAN), 
diammonium phosphate (DAP), NPK complex (15 : 15 : 15), superphosphate 
and murate of potash at the rate of Ig^ nitrogen, lg» phosphorus and 
Ig, potassium respectively. The soil and the finely ground fertili-
sers were mixed thoroughly to ensure an even distribution. The soil 
samples in the pots were saturated to water holding capacity. Nemagon 
was injected in the following doses: 0, 0.2 and 0.5 ml in each of the 
fertilised samples in three replications by means of a pipette through 
a hole made half-way down the centre of the soil column. The holes 
were then sealed by the surrounding soil. The pots were stored in a 
glass house at 30 ^ ^ 3°C, care being taken to regulate the moi&ture 
content of the soil by adding distilled water as and when necessary. 
The distilled water was used to avoid any self contamination with 
impurities. The treated samples were then periodically drawn from 
the pots by a soil sampler after one day and then at intervals of 
fifteen days and analysed for exchangeable ammonium, nitrite and 
nitrate nitrogen, available phosphorus, potassium, water soluble halides, 
pH and electrical conductance* 
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The pH was recorded with Elico pH meter model LI-10 with 
glass and saturated calomel electrode assembly. A 1:2, soiltwater 
suspension was used for measuring the pH of the samples. The results 
obtained are recorded in table XLVII. 
ELECTRICAL CONDUCTIVITY 
o 
The electrical conductivity was measured at 33 j^  1 C with the 
help of Philip's conductivity meter and dip type cell. A 1:2, 
soil:water suspension was used for the above purpose. The results 
obtained are recorded in table XLVIII. 
DETERMINATION OF EXCHANGEABLE AMMONIUM NITROGEN 
Exchangeable ammonium nitrogen was determined as per the 
Ik 
method recommended by P.R. Hesse . 
Reagents:- (l) 2M potassium chloride solution.- 150g, potassium 
chloride was dissolved in 800ml distilled water and boiled with lOg 
solid magnesium oxide for about 15 minutes until any ammonia present 
was expelled. The solution was then cooled and filtered before 
maJcing the final volume; (2) Magnesium oxide.- Heavy magnesium oxide 
was heated at 650 C for two hours in an electric muffle furnace and 
allowed to cool in a desiccator over solid KOH and stored in a tightly 
159 
stoppered glass bottle; (3) Mixed Indicator.- Mixed indicator 
solution were prepared by dissolving O.lg bromcresol green and 0.07g 
methyl red in lOOml of ethanol; (k) Boric acid.- 20g of analar boric 
a*id was dissolved in 900ml of hot distilled water, 20inl of mixed 
indicator solution was added to it after cooling the solution. Then 
O.IM NaOH solution was added dropwise until the colour changed to 
reddish purple. The solution was diluted to one litre; (5) M/70 
hydrochloric acid.- The standard solution of HCl was diluted to give 
an exactly M/70 solution. 
Procedure for determination of exchangeable nitrogen;- 5g of each of 
the soil samples were taken in 100ml glass stoppered conical flasks 
and 50ml of 2M KCl added in each case. The flasks were then shaken 
for an hour and the contents extracted through Whatman filter paper 
No.42. 
10ml of each of the KCl extracts of the soil were taken in 
distillation flasks. Also 5 ml samples of boric acid in 50ml pyrex 
conical flasks were placed beneath the condenser. Then 0.5g of 
magnesium oxide was added through a long stemmed powder funnel into 
the distillation flask. The flask was then stoppered and ammonia 
distilled into the boric acid solution. About 30ml of distillate 
was collected in each case and the distillate was then titrated with 
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M/70 hydrochloric acid using a semi-micro burette graduated at 
0.01 mX intervals, until the green colour changed, to pink. A blank 
titration was also carried out in the same way. From the volume of 
hydrochloric acid used up, exchangeable ammonium nitrogen was 
calculated using the relation 1ml of M/70 HCl ss 0.2mg of nitrogen. 
The results are recorded in table XLIX and represented vide Fig.23, 
DETERMINATION OF NITRITE •<• NITRATE NITROGEN 
Nitrite + nitrate nitrogen were determined as follows: 
Reagents:-. The reagents were the same as described for the determina-
tion of exchangeable ammonium nitrogen. In addition Devarda's alloy, 
finely ground and passed through a 0,15 mm sieve, was also used. 
Procedure;- After distillation of the ammonium nitrogen as described 
in the determination of excheingeable ammonium nitrogen, the stopper 
of the flask was removed and 0,2g of Devarda's alloy and 50ml distilled 
water were added. The distillation flask was stoppered and ammonia 
distilled in a fresh portion of boric acid solution. About 30 ml of 
distillate was collected in each case and then titrated with M/70 
hydrochloric acid. The values of nitrite and nitrate nitrogen were 
calculated in the same manner as described in the determination of 
exchangeable ammonium nitrogen. 
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DETERMINATION OF NITRATE NITROGEN 
Nitrate nitrogen was also determined as per the method 
14 
recommended by P,R. Hesse 
Reagents:- The reagents were the same as described for the determina-
tion of nitrite + nitrate nitrogen. In addition a 2^ solution of 
sulphamic acid was needed. It was prepared from the freshly 
recrystallized reagent, stored in a refrigerator. 
Procedure:- The experimental procedure was partly the same as 
described in the determination of exchangeable ammonium nitrogen. 
After distillation of the ammonia nitrogen the stopper of the disti-
llation flask was removed and one ml of a 2% aqueous solution of 
sulphamic acid was added. The distillation flask was swirled for a 
few seconds to destroy the nitrite and then 0.2g Devarda's alloy and 
50ml of distilled water were added. The distillation flask was 
stoppered and ammonia distilled in a fresh portion of boric acid 
solution. About 30 ml distillate was collected in each case and 
titrated with M/70 hydrochloric acid. The values of nitrate nitrogen 
were calculated in same manner as described in the determination of 
exchangeable ammonium nitrogen. The results obtained are recorded in 
table L and represented vide Fig.24. 
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DETERMINATION OF NITRITE NITROGEN 
Nitrite nitrogen was calculated by substracting the nitrate 
nitrogen from the nitrite + nitrate nitrogen.|6he results obtained are 
recorded in table LI and represented vide Fig,25. 
DETERMINATION OF WATER SOLUBLE HALIDES (CHLORIDE -*• BROMIDE) 
Vater soluble halides were determined as per Volhard's method 
which is described in detail in Chapter IV. The results obtained are 
given in table LII, 
DETERMINATION OF AVAILABLE PHOSPHORUS 
The available phosphorus was estimated as per Olsen's method 
which is fully described in Chapter IV, The results are given in 
table LIII and represented vide Fig,26. 
DET;ERMINATION OF AVAILABLE POTASSIUM 
. The available potassium was determined as per turbidity 
17 
method of Dutta et<,al, ' which is also described in Chapter IV of 
this thesis. The results are recorded in table LIV and represented 
vide Fig.27. 
SgATISTICAL ANALYSIS 
The exper imenta l d a t a obta ined i n case of each c o n s t i t u e n t 
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of the soil was subjected to statistical analysis of variance 
according to the two way classification with one observation per cell, 
the null hypothesis being the equality of the effects of different 
levels of doses and different time intervals. The calculations were 
done as follows: 
(A) The correction factor (C,F.) was obtained from the formula: 
o 
C p - (Grand total of the readings) 
Number of observations 
(B) Total sum squares (T.S.S,) = Total of all squares- C.F, 
(C) Sum of squares (S«S,) for days 
s Average of the squares of sum of the readings of the constituent 
during total number of days - C.F, 
(D) Sum of squares (s.S.) for doses 
« Average of the squares of sum of readings of the constituent 
during total number of doses - C.F. 
(E) Sum of squares (S.S.) for error 
a T.S.S, - S.S. for days - S.S. for doses. 
(P) Mean square (M.S.) a ^-^ 
D.F. 
where D.F. = degree of freedom or number of observations-1. 
16^ 
(G) Least significant difference (L.S.D.) 
= Error of the M.S. x 2 ^ ^ ^ ^ 5^ ^ 
D.P. of the days or doses 
where t at 5% level of significance « 2,042. 
(H) Variance ratio 
M.S. for days or doses 
M.S. for error 
The results of statistical analysis obtained in case of the 
pH, electrical conductivl'ty, exchangeable ammonium nitrogen, nitrate 
nitrogen, nitrite nitrogen, water soluble halides, available phosphorus 
and potassium are given in tables XLVII to LIV, 
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TABLE XLVII 
Effect of nemagon on PH of the soil in presence of different fertilisers 
Dosas of 
nemagon 
in ml per 
kg soil 
- 1 •"•"" • 
pH at various days 
T 
Average 
t 
1 
1 
15 
1 
30 45 
1 
60 
1 
75 
1 
-
_ 
CONTROL 
0.0 8.70 8.65 8.65 8.53 8.52 8.50 8.59 
0.2 8.70 8.55 8.52 8.54 8.45 8.43 8,66 
0.5 8.70 8.52 8.50 8,40 8.40 8.40 8.49 
Average 8.^0 8.57 8.56 8.49 8.46 8.44 
L.S.D. for days = 0.04 , L.S.D. for doses « 0.06 
UREA 
0.0 8.60 8.83 8.85 8.55 8.43 8.42 8.61 
0.2 8.60 8.77 8.55 8.48 8.42 8.37 8.5|t 
0.5 8.60 8.75 8.45 8.35 8.30 8.25 8.4^ 
Average 8.60 8.78 8.62 8.46 8.38 8.35 
L.S.D. for days « 0.11 , 
AMMONIUM 
L.S.D. 
SULPHATE 
for doses = 0,17 
0.0 8.50 8.43 8.38 8.37 8.30 8.30 8.51 
0.2 8.50 8.33 8.32 8.23 8.20 8.20 8,30 
0.5 8.50 8.32 8.32 8.23 8.22 8.20 8.30 
Average 8.50 8.36 8.34 8.28 8.24 8.23 
L.S.D. for days a 0.04 , L.S.D. for doses - 0.06 
CALCIUM AMMONIUM NITRATE 
0.0 8.70 8.45 8.43 8.32 8.35 8.38 8.44 
0.2 8.70 8.35 8.33 8.18 8.25 8.33 8.36 
0.5 8.70 8.27 8.25 8.05 8.22 8.38 8.31 
Average 8.70 8.36 8.34 8.18 8.27 8.36 
L.S.D, for days « 0.08 , L.S.D. for doses = 0.12 
Continued .,. 
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Doses of 
1 
pH at various days 
1 
Average 
nemagon -
in ml per 
kg soil 
1 
1 
• 1 " " 
15 
••' T — : " " • """" 
30 
1 t 
45 
1 
60 
1 
75 
! 
SUPERPHOSPHATE 
0.0 8.60 7.92 7.88 8.40 8.38 8.43 8.26 
0.2 8.60 %.15 7.62 8.40 8.40 
1 
8.38 S'PI 
0.5 8.60 7.88 7.60 8.30 8.35 8.38 8.19 
Average 8.60 7.90 7.70 8.37 8.38 8.40 
L.S.D. for days « 0.30 , 
MURATE OF 
L.S.D. for 
POTASH 
doses = 0.47 
0.0 8.70 8.92 8.75 8.65 8.50 8.55 8.68 
0.2 8.70 8.65 8.60 . 8.60 8.50 8.47 8.59 
0.5 8.70 8.65 8.62 8.60 8.4Q, 8.45 8.58-
Average 8.70 8.74 8.66 8.62 8.49 8.49 a. 
L.S.D. for days a 0.08 , L.S.D. for doses ! = 0.13 
DIAMMONIUM PHOSPHATE 
0.0 8.60 7.62 7.90 7.97 8.25 8.35 8.11 
0.2 8.60 8.15 8.20 8.25 8.35 8.35 8.31 
0.5 8.60 8.37 8.38 8.47 8.42 8.40 8.44 
Average 8.60 8.05 8.16 8.23 8.34 8.37 
L.S.D. for days = 0.29 , L.S.D. for doses s 0.46 
• N.P '.K. COMPLEX FERTILISER 
0.0 8.70 7.77 8.07 8.17 8.32 8.43 8.24 
0.2 8.70 8.15 8.27 8.28 8.33 8.40 8.35 
0.5 8.70 8.15 8.25 8.33 8.43 8.55 8.40 
Average 8.70 8.02 8.20 8.26 8.36 8.46 
L.S.D. for days « 0.79 , L.S.D. for doses a 1.24 
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TABLE XLVIII 
Effect of nemagon < 3n electrical conductivity of the soil 
in presence of different fertilisers 
Doses of 
nemagon 
in ml per 
kg soil 
Electrical conductivity at various days 
-4 -1 in mhos x 10 cm 
1 
1 
Average 
1 
1 
15 30 
1 
45 
i 
— '- * 
60 
II 
75 
CONTROL 
0,0 3.46 2.41 1.76 2,09 2,61 2,92 2,54 
0,2 3.46 2.58 2.01 2.27 2,76 3.13 2,70 
0,5 3.46 2.63 2.06 2,44 2,80 2,47 2,81 
Average 3.46 2.54 1.9^ ^ 2,26 2,72 •5.17 
L.S.D, for ' days = 0.14 , L,S,D, 
UREA 
for doses » 0,22 
0.0 3.47 2.10 1,90 2,06 2,50 3.13 2,52 
0.2 3,47 2.32 2.44 2,38 2,89 3.06 2,76 
0.5 
Average 
3,47 
3.47 
2.63 
2.35 
2.44 
2.26 
2,50 
2,31 
3.13 
2,84 
3.62 
3.27 
2,96 
L.S.D. for days a 0.22 , 
AMMONIUM 
L,S,D, 
SULPHATE 
for doses » 0,35 
0.0 
0.2 
0.5 
Average 
3»53 
3,53 
3.53 
3,53 
L.S.D. for 
2.30 1.94 2.17 
2.72 2.34 2.41 
2.^2 2.35 2.60 
2.65 2.21 2.39 
days a 0.17 , L.S.D. for 
CALpIUM AMMONIUM NITRATE 
2,71 
2,99 
3.04 
2,91 
doses s= 
3.37 
3.37 
3.13 
3.a<? 
0.27 
2,65 
2,87 
2,91 
0.0 
0.2 
0.5 
Average 
3.46 2,45 
3.46 3.27 
3.46 3.29 
3.46 3.01 • 
L.S.D, for days « 
2.42 
2|.39 
• • ids 
'0.37''''''fv'" 
2,27 2.83 3.11 
2.47 2.99 3.06 
2.55 3.66 3.06 
2.43 3.16 3.07 
L,S,D. for aoses = 0.58 
2,79 
2,92 
3.06 
Continued , , , 
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Doses of 
nemagon 
in ml per 
Electrical conductivity at various days 
in mhos x 10 cm 
kg soil f 1 
1 
r 
15 30 
r 
45 
i 1 
60 
1 *i 
75 
vexage 
• 
SUPEEPHOSPHATE 
0.0 3.^7 4.49 2.50 2.53 2.77 3.21 3.16 
0.2 3.47 5.06 2.63 2,63 3.24 3.76 3.46 
0.5 -b.kl 6.40 2.70 2.69 3.16 4.24 3.78 
Average •5A1 5.32 2.61 2.62 3.06 3.74 * 
L.S.D. for days=0.54 L.S.D. fo r dosessO.86 
f^URATE OF POTASH 
0.0 3.46 2.51 2.42 2.35 2.61 3.29 2.77 
0.2 3.46 2.61 2.12 2.39 2.69 3.46 2.79 
0.5 3.46 2.69 2,19 2,42 2.89 3.40 2.84 
Average 3.46 2.60 2.24 2.39 2.73 3.39 
L.S.D. for days = 0,14 , L.S.D. for doses = 0.23 
DIAMMONIUM PHOSPHATE 
0.0 3.47 2.72 1.88 2.22 2.53 2.89 2,62 
0.2 3.47 3.38 2.63 2.74 2.89 2.99 3.02 
0.5 3.47 3.53 2.96 2.99 3.18 3.18 3.22 
Average 3.47 3.21 2.48 2.65 2.87 3.02 
L.S.D. for days « 0.29 , L.S.D. for doses = 0.46 
3.46 
N.P .K, COMPLEX FERTILISE] R 
2.55 3.56 0.0 3.13 2.53 2.72 2.99 
0.2 3.46 3.86 3.13 3.13 3.29 3.62 3.41 
0.5 3.46 4.39 3.46 3.29 3.43 3.66 3.95 
Average 3.46 3.79 3.04 3.05 3.09 3.61 
L.S.D. for days = 0.38 } L.S.D. for doses « 0.59 
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TABLE XLIX 
Effect of nemagon on exchangeable ammonium nitrogen of the soil 
in presence of nitrogenous fertilisers 
Days 
r — — — ' J 1 1 
Nemagon dose s Nemagon dose - Nemagon dose » 
0,0ml per kg soil 0.2ml per kg soil 0,5ml per kg soil Average 
1 •'" k t ' t t ammonium 
Volume Ammonium Volume wimmoniura Volume Ammonium nitrogen 
of M/70 nitrogen of M/70 nitrogen of M/70 nitrogen in ppm 
HCl used in ppm HCl used in ppm HCl used in ppm 
in titr- in titr- in titr-
ation ation ation 
in ml in ml in ml 
CONTROL 
-
1 0.30 60.0 0.35 70.0 0.35 70.0 66.7 
15 0.35 70.0 0,50 100.0 0.45 90.0 86.6 
30 0,40 80,0 0.85 170.0 0.50 100.0 116.6 
45 0.40 80.0 0.80 160.0 0.55 110.0 116.6 
60 0.30 60.0 0.70 140.0 0.65 130.0 110.0 
75 0.25 50,0 0.55 110.0 0,60 120.0 93.3 
90 0.20 40.0 0.45 90,0 0.55 110.0 80.0 
Average - 62.9 - 120,0 - 104.0 _ 
L.S.D. for days a 12,2 L,S,D. for doses = 21.1 
AMMONIUM SULPHATE 
1 2.86 572.0 2.86 572.0 2.86 572.0 572.0 
15 2,90 580.0 3.30 660.0 2.90 580.0 606.6 
30 3.10 620.0 3.80 760.0 3.26 652.0 677.3 
45 3.25 650.0 3.85 770.0 3.56 712.0 710.6 
60 3.00 , 600.0 3.70 740.0 3.68 736.0 692.0 
75 2.25 450.0 3.50 700.0 4.00 800.0 630.0 
90 2.00 400.0 3.20 640.0 4.20 840,0 626.6 
Average «M 553.1 - 691.7 - 698.9 -
L.S.D. for days « = 50.6 , L.S.D. for doses = 87.7 
Cont inued ... 
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Nemagon dose = Nemagon dose = Nemagon dose =-
O.Oml per kg soil 0.2ial per kg soil 0.5inl per kg soil Average 
Days 1 1 1 J 1 annnonium 
Volume Ammonium Volume Ammonium Volume Ammonium ^ ^ !^ m^^ " 
of M/70 nitrogen of M/70 nitrogen of M/70 nitrogen ^" PP" 
HCl used in ppm HCl used in ppm HGl used in ppm 
in titr- in titr- in titr-
ation ation ation 
in ml in ml in ml 
UREA 
-
1 3.10 620.0 3.20 640.0 3.28 656.0 638.6 
15 3.14 628,0 3.60 720.0 3.34 672.0 673.3 
30 3.32 664.0 4.00 800.0 3.82 710.0 724.6 
45 3.54 708.0 3.76 752.0 3.82 764.0 741.3 
60 3.20 640.0 3.60 720.0 4.20 840.0 733.3 
75 3.00 600.0 3.15 630.0 4.32 864.0 664.6 
90 2.56 512.0 2.88 576.0 4.32 864.0 670.6 
Average - 633.1 - 691.1 - 767.1 — 
L.S.D. for days = 44.4 L.S.D, for doses s 76.9 
CALCIUM AMMONIUM NITHATE 
1 1.60 320.0 1.60 320.0 1.60 320.0 320.0 
15 1.65 330,0 2.15 430,0 1.95 390,0 383.3 
30 1.80 360.0 2.60 520,0 2,10 420,0 433.3 
45 1.85 370.0 2.50 500.0 2,26 452.0 440.6 
60 1.70 340.0 2.40 480.0 2.98 596.0 472.0 
75 1.65 330,0 2.25 450.0 2.50 500,0 426.6 
90 1.65 330.0 2.10 420.0 2.46 492,0 414.0 
Average - 340.0 - 445.7 - 452.9 _ 
L.S.D, for days s 18.3 L.S.D, for doses = 31.8 
Continued 
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Nemagon dose = Nemagon dose « Nemagon dose = 
0,0ml per kg soil 0.2ml per kg soil 0.5ml per kg soil Average 
Days j 1 1 1 -^^T ammonium 
Volume Ammonium Volume Ammonium Volume Ammonium ^ ^ nnm^ '* 
of M/70 nitrogen of M/70 nitrogen of M/70 nitrogen ^" ^^^ 
HCl used in ppm HCl used In ppm HCl used in ppm 
in titr- in titr- in titr-
ation ation ation 
in ml in ml in ml 
-
. 
DIAMMONIUM PHOSPHATE -
1 3.00 600.0 3.00 600.0 3.20 640.0 613.3 
15 3.20 640.0 3.50 700.0 3.40 680.0 673.3 
30 3.26 652.0 3.95 790.0 3.50 700.0 714.0 
h5 3.48 696.0 3.90 780.0 3.86 772.0 749.3 
60 3.10 620.0 3.80 760.0 3.76 752.0 710.6 
75 3.00 600.0 3.65 730.0 3.70 740.0 690.0 
90 2.80 560.0 3.20 640.0 3.64 728.0 676.0 
Average - 624.0 - 714.3 - 716.0 -
L.S.D. for days =21.7 , L.S.D. for doses = 37.5 
N. P.K. COMPLEX FERTILISER 
1 2.70 540.0 2.70 540.0 2.70 540.0 540,0 
15 2.84 568.0 3.06 612.0 2.85 570.0 583.3 
30 3.16 632.0 3.36 672.0 2.90 580.0 561.3 
45 3.00 600.0 3.42 684.0 3.00 600.0 628.0 
60 2.40 580.0 3.56 712.0 3.12 624.0 638.6 
75 2.50 500.0 3.50 700.0 3.20 640.0 613.3 
90 2.15 430.0 3.40 680.0 3.25 650.0 553.3 
Average - 550.0 - 628.6 - 600.6 mm 
L.S.D. for days « 42.3 L,S.D. for doses = 73.2 
300 v 
2on 
100 -
CONTROL 
660 
" t j : : ^ ^ * ^ . 
6 4 0 
520 -
4 0 0 
Fig. iJJ - Effect" of nemagon on exchangrable ammonium n i l rogen of 
rhe soil in presence of ni^rogcriotis f e r t i l i ze rs wit-h 
ihon in nme • - 0 0 mh O - 0 - 2 m l and X -0 -5ml / f?g soil. 
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TABLE L 
Effect of nemagon on nitrate nitrogen of the soil 
in presence of nitrogenous fertilisers 
5 , 5 ^ J 
Nemagon dose = Nemagon dose « Nemagon dose = 
0.0ml per kg soil 0.2ml per kg soil 0.5ml per kg soil Average 
Days •— 1 , 1 1 1 nitrate 
Volume Nitrate Volume Nitrate Volume Nitrate ^i*^oge*i 
of M/70 nitrogen of M/70 nitrogen of M/70 nitrogen ^" PP"" 
HCl used in ppm HCl used in ppm HCl used in ppm 
in titr- in titr- in titr-
ation ation ation 
in ml in ml in ml 
CONTROL 
1 0.18 36.0 0.18 36.0 0.18 36.0 36.0 
15 0.18 36.0 0.18 36.0 0.18 36.0 36.0 
30 0.20 40.0 0.18 36.0 0.18 36.0 37.3 
45 0.24 48.0 0.18 36.0 0.18 36.0 40.0 
60 0.26 52.0 0.20 40.0 0.19 36.0 42.7 
75 0.28 56.0 0.22 44.0 0.20 40.0 46.7 
90 0.30 60.0 0.24 48.0 0.22 44.0 50.7 
Average - 46.9 - 39.4 - 37.7 m. 
L.S.D. for days s 2.3 L.S.D. for doses = 4.0 
AMMONIUM SULPHATE 
1 0.20 40.0 0.20 40.0 0.20 40.0 40.0 
15 0.24 48.0 0.20 40.0 0.20 40.0 42.6 
30 0.28 56.0 0.20 40.0 0.20 40.0 45,3 
45 0.32 64.0 0.20 40.0 0.20 40.0 48.0 
60 0.34 68.0 0.22 44.0 0.20 40.0 50.7 
75 0.36 72.0 0.26 52.0 0.20 40.0 54.7 
90 0.38 76.0 0.32 64.0 0.20 40,0 60.0 
Average - 60.6 - 45.7 -. 40.0 _ 
L.S.D. for days - 4,3 L,S,D, for doses = 7.5 
Continued 
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Nemagon dose - Nemagon dose = Nemagon dose = 
0.0ml per kg soil 0.2ml per kg soil 0.5ml per kg soil 
Days 1 1 1 1 k Average 
Volume Nitrate Volume Nitrate Volume Nitrate "^*^^*e 
of M/70 nitrogen of M/70 nitrogen of M/70 nitrogen ?„ ^**^ ^^  
HCl used in ppm HCl used in ppm HCl used in ppm ^" PP°* 
in titr- in titr- in titr-
ation ation ation 
in ml in ml in ml 
UREA 
< 
1 0.20 40.0 0.20 40.0 0.20 40.0 40.0 
15 0.20 40.0 0.20 40.0 0.20 40.0 40.0 
30 0.22 44.0 0.20 40.0 0.20 40.0 41.3 
45 0.24 48.0 0.28 56.0 0.20 40.0 48.0 
60 0.26 52.0 0.32 64.0 0.20 40.0 52.0 
75 0.28 56.0 0.34 68.0 0.20 40.0 54.7 
90 0,28 56.0 0.36 72.0 0.20 40.0 56.0 
Average - 48.0 - 54.3 - 40.0 — 
L.S.D. for days « 4,1 L.S.D, for doses = 7.2 
CALCIUM AMMONIUM NITRATE 
1 1.60 320.0 1.60 320.0 1.60 320.0 320.0 
15 1.75 350.0 1.60 320.0 1.60 320.0 330.0 
30 1.84 368.0 1.60 320.0 1.60 320,0 336.0 
45 1.86 372.0 1.60 320.0 1.60 320.0 337.3 
60 1.94 388.0 1.75 350.0 1.60 320.0 352.7 
75 2.00 400.0 1.85 370.0 1.70 540.0 370.0 
90 2.40 480.0 2.00 400.0 1.76 352.0 410.7 
Average - 382.6 - 342.9 - 327.4 -
L.S.D. for days = 11.9 , L.S.D. for doses = 20.6 
Continued ,.. 
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Days 
—ir -
Nemagon dose = 
.0,0ml per kg soil 
T" " " 
Nemagon dose = 
0.2ml per kg soil 
1 
Nemagon dose ^  
0.5ml per kg soil 
1 
Average 
nitrate 
* » r 1 » -
Volume 
of M/70 
HCl used 
in titr-
ation 
in ml 
Nitrate 
nitrogen 
in ppm 
Volume 
of M/70 
HCl used 
in titr-
ation 
in ml 
Nitrate 
Sitrogen 
in ppm 
Volume 
of M/70 
HCl used 
in titr-
ation 
in ml 
Nitrate 
nitrogen 
in ppm 
nitrogen 
in ppm 
DIAMMONIUM PHOSPHATE 
1 0.26 52.0 0,26 52.0 0.26 52.0 52.0 
15 0.30 60.0 0.26 52.0 0.26 52.0 54.7 
30 0.32 64.0 0.26 52.0 0.26 52.0 56.0 
h5 0.34 68.0 0.26 52.0 0.26 52.0 64.0 
60 0.36 72.0 0.44 88.0 0.26 52.0 70.7 
75 0.38 76.0 0.85 170.0 0.30 60.0 102.0 
90 0.40 80.0 1.00 200,0 0.34 68.0 116.0 
Average - 67.4 - 95.1 - 55.4 >• 
L.S.D. for days « 19.1 L.S.D. for doses « 32.9 
N.P.K. COMPLEX FERTILISER 
1 0.18 36.0 0.18 36.0 0.18 36.0 36.0 
15 0.22 44.0 0.18 36.0 0.18 36.0 38.7 
30 0.28 56.0 0.18 36.0 0.18 36.0 42.7 
45 0,36 72.0 0.18 36.0 0.18 36.0 44.7 
60 0.38 76.0 0.20 40.0 0.18 36.0 50.7 
75 0.40 80.0 0.22 44.0 0.18 36.0 53.3 
90 0.42 84.0 0.24 48.0 0.18 36.0 56.0 
Average - 64.0 Ml* 39.4 - 36.0 « M 
L.S.D. for days » 5.7 L.S.D. for doses « 10.0 
Pig. 2klr- Fffcct of nemagor on nl^^a^c n i f rogen of hhe soil in 
presence of n i f rogenous fer t i l izers with var ia t ion in 
rime. • —00ml , 0— 0-2 and X—0-5m\/kg so i l . 
175 
TABLE LI 
Effect of nemagon on nitrite nitrogen of the soil 
in presence of nitrogenous fertilisers 
Nemagon dose = Nemagon dose = Nemagon dose = 
0.0ml per kg soil O.Sml per kg soil 0.5ml per kg soil Average 
, 1 J 1 J 1 nitrite Bays 
-T T 
Volume Nitrite Volume Nitrite Volume IT^ trite J^^^ogen 
of M/70 nitrogfn of M/70 nitrogen of M/70 nitrogen ^^ PP"* 
HCl used in ppm HCl used in ppm HCl used in ppm 
in titr- in titr- in titr-
ation ation ation 
in ml in ml in ml 
CONTROL 
1 0.04 8.0 0.04 8.0 0.04 8.0 8.0 
15 0.08 16.0 0.04 8.0 0.04 8.0 10.6 
30 0.14 28.0 0.04 8.0 0.04 8.0 14.6 
45 0.12 24.0 0.06 12.0 0.04 8.0 14.6 
60 0.08 16.0 0.08 16.0 0.06 12.0 14.6 
75 0.06 12.0 0.04 8.0 0.08 16.0 12.0 
90 0.02 4.0 0.02 4.0 0.04 8.0 5.3 
Average - 15.4 — 9.1 — 9.7 . 
L.S.D. for days = 3.0 L.S.D. for doses = 5.3 
AMMONIUM SULPHATE 
1 0.06 12.0 0.06 12.0 0.06 12.0 12.0 
15 0.10 20.0 0.06 12.0 0.06 12.0 14.6 
30 0.24 48.0 0.06 12.0 0.06 12.0 24.0 
45 0.16 32.0 0.08 16.0 0.06 12.0 20.0 
60 0.12 24.0 0.10 20.0 0.06 12.0 18.0 
75 0.08 16.0 0.12 24.0 0.06 12.0 17.3 
90 0.06 12.0 0.08 16.0 0.06 12.0 13.3 
Average - 23.3 - 16.0 - 12.0 -
L.S.D. for days = = 4.7 , L.S.D. for doses = 8.3 
Continued 
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Days 
Nemagon dose = Nemagon dose = Nemagon dose « 
O.Oml per kg soil 0,2inl per kg soil 0.5inl per kg soil Average 
i " ~ - I - •"• t •' •"• •''t • •• • — ' < \ • nitrite 
nitrogen Volume Nitrite Volume Nitrite Volume Nitrite 
of M/70 nitrogen of M/70 nitrogen of M/70 nitrogen 
HCl used in ppm HCl used in ppm HCl used in ppm 
in titr- in tltr- in titr-
ation ation ation 
in ml in ml in ml 
m ppm 
UREA -
1 0.08 16.0 0.08 16.0 0.08 16.0 16.0 
15 0.12 24.0 0.08 16.0 0.08 16.0 18.7 
30 0.28 56.0 0.08 16,0 0.08 16.0 29.3 
45 0.20 40.0 0.10 20.0 0.08 16.0 25.3 
60 0.14 28.0 0.14 28.0 0.08 16.0 24.0 
75 0.08 16.0 0.12 24.0 0.08 16.0 18.6 
90 0.06 12.0 0.08 16.0 0.08 16.0 , . 14.6 
Average •M 27.4 - 15.1 - 16.0 _ 
L.S.D. for days =5.5 L.S.D. for doses = 9.6 
CALCIUM AMMONIUM NITRATE 
1 0.04 8.0 0.04 8.0 0.04 8.0 8.0 
15 0.06 12.0 0.04 8.0 0.04 8.0 9.3 
30 0.08 16.0 0.04 8.0 0.04 8.0 10.6 
45 0.10 20.0 0.06 12.0 0.04 8.0 13.3 
60 0.08 16.0 0.06 12.0 0.06 12.0 13.3 
75 0.04 8.0 0.08 16.0 0.04 8.0 10.6 
90 0.02 4.0 0,06 12.0 0,02 4.0 6.6 
rage - 12.0 - 10.9 - 8.0 ^ 
L.S.D. for days = 2.0 L.S.D. for doses « 3,4 
Continued 
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Nemagon dose = Nemagon dose = Nemagon dose = 
0.0ml per kg soil 0.2nil per kg soil O.Sml per kg soil Average 
Days 1 1 i 1 r nitrite 
Volume Nitrite Volume Nitrite Volume Nitrite ?^ *^ ^^ ®*^  
of M/70 nitrogen of M/70 nitrogen of M/70 nitrogen ^" PP"* 
HCl used in ppm HCl used in ppm HCl used in ppm 
in titr- in titr- in titr-
ation ation ation 
in ml in ml in ml 
- DIAMMONIUM PHOSPHATE 
1 0.06 12,0 0.06 12.0 0.06 12.0 12,0 
15 0,08 16.0 0.06 12.0 0,06 12.0 13.3 
30 0.10 20.0 0.06 12.0 0.06 12,0 14.6 
45 0.06 12.0 0.08 16.0 0.06 12.0 13.3 
60 0.04 8.0 0.08 16.0 0.08 16.0 13.3 
75 0.04 8.0 0.10 20.0 0.10 20.0 16.0 
90 0.04 8.0 0.12 24.0 0.10 20.0 17.3 
Average ••* 12,0 - 16.0 - 14.9 > 
L.S.D. for days = 2,7 , L.S.D. for doses = 4.7 
N.P.K. COMPLEX FERTILISER 
1 0.^0 20,0 0.10 20.0 0.10 20.0 20.0 
15 0.12 24,0 0.10 20.0 0.10 20.0 21.3 
30 0.08 16.0 0.10 20.0 0.10 20.0 18.6 
45 0.06 12.0 0.10 20.0 0.10 20.0 17.3 
60 0.04 8.0 0.10 20.0 0.10 20,0 16.0 
75 0,20 40.0 0.08 16.0 0.10 20.0 13.0 
>? 0.02 4,0 0.06 12.0 0.10 20.0 12.0 
Average - 12.6 - 18.3 _ 20.0 M> 
L.S.D. for days = 2.4 , L.S.D. for doses = 4.2 
60 
40 
Con^rol 
Fig. 2|r- Effect of ncmagon on nl^^l^•c n i t rogen oF ^hc soil in 
presence of n i l rogenous fe r t i l i ze rs w i rh vanoMon of 
l-ime • — 0 0 m l j 0 -O-2ml and X —05nnl/l?g soi l . 
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TABLE LII 
Effect of nemagon on halide availability In fertilised soils 
Days 
• 1 » r 1 
Nemagon dose » Nemagon dose = Nemagon dose = 
0.0ml per kg soil 0.2ml per kg soil 0.5ml per kg soil Average 
t' '"~ t 1 -1 {• - halides 
Volume Halides Volume Halides Volume Halides J;'^ _Tnn^ ^ 
of O.OIN in mmol- of O.OIN in mmol- of O.OIN in mmol- P®f -^ ""g 
AgNOj 
used up 
in ml 
es per 
lOOg 
soil 
AgNO^ 
used up 
in ml 
es per 
lOOg , 
soil 
AgNO-
used up 
in ml 
es per 
lOOg 
soil 
soil 
CONTROL 
1 
15 
30 
4i5 
60 
75 
90 
Average 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.25 
i.po 
2.50 
3.25 
3.25 
3.25 
3.25 
0.025 
0.100 
0.250 
0.325 
0.325 
0.325 
0.325 
0.239 
0.25 
2.00 
4.75 
6.00 
6.25 
6.25 
6.25 
0.025 
0.200 
0.475 
0.600 
0.625 
0.625 
0.625 
0.454 
0.025 
0.108 
0.250 
0.316 
0.325 
0.325 
0.325 
L.S.D. for days = 0.129 , L.S.D. for doses = 0,211 
AMMONIUM SULPHATE 
1 0.25 0.025 0.25 0.025 0.50 0.050 0.033 
15 0.50 0.050 1.50 0.150 2.50 0.250 0.150 
30 0.50 0.050 2.75 0.275 5.00 0.500 0.242 
45 0,50 0.050 3.50 0.350 7.50 0.750 0.383 
60 0.50 0.050 3.50 0.350 10.00 1.000 0.466 
75 0.50 0.050 3.50 0.350 10.00 1.000 0.466 
90 0.50 0.050 3.50 0.350 10.00 1.000 0.466 
Average 0.046 - 0.214 
- 0.650 - . 
L.S.D. for days = 0.114 , L.S.D. for doses = 0.199 
• Continued , 
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Days 
J , , . 
Nemagon dose s Nemagon dose - Nemagou dose s 
0.0ml per kg soil 0.2ml per kg soil 0.5ml per kg soil Average 
• f \ -••'• •"• " 1 f .1 I ^ I — - halides 
Volume Halides 
of O.OIN in 
AgNO-
used up 
in ml 
mmoles 
per lOOg 
soil 
Volume Halides 
of O.OIN in 
AgNO 3 
used up 
in ml 
mmoles 
per lOOg 
soil 
Volume Halides 
of O.OIN in 
AgNO 
'3 
used up 
in ml 
mmoles 
per lOOg 
soil 
in mmoles 
per lOOg 
soil 
UREA 
1 
15 
30 
^5 
60 
75 
90 
Average 
0.25 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
L. 
0.025 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.046 
0.25 
1.75 
3.75 
4.00 
4.00 
4.00 
4.00 
0.025 
0.175 
0.375 
0.400 
0.400 
0.400 
0.400 
0.311 
0.75 
2.75 
5.75 
8.00 
10.50 
10.50 
10.50 
0.075 
0.275 
0.575 
0,800 
1.050 
1.050 
1.050 
0.696 
0.042 
0.116 
0.333 
0.416 
0.500 
0.500 
0.500 
L.S.D. for days = 0.118 L.S.D. for doses 0.204 
CALCIUM AMMONIUM NITRATE 
1 0.25 0.025 0.25 0.025 0.25 0.025 0.025 
15 0.25 0.025 1.25 0.125 2.25 0.225 0.125 
30 0.25 0.085 2.75 0.275 4.25 0.425 0.242 
45 0.25 0.025 3.25 0.325 4.50 0.450 0.266 
60 0.25 0.025 3.25 0.325 5.00 0.500 0.283 
75 0.25 0.025 3.25 0.325 5.00 0.500 0.283 
90 0.25 0.025 3.25 0.325 5.00 0.500 0.283 
rage -. 0.025 - 0.246 - 0.375 -
L.S.D. for days s = 0.053 , L.S.D. for doses = 0.091 
Continued , 
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Bays 
1 
Nemagon dose = 
0.0ml per kg soil 
• ? " • 
Nemagon dose = 
0.2ml per kg soil 
t 
Nemagon dose = 
0.5ml per kg soil 
1 
Average 
halides 
in mmoles 
per lOOg 
soil 
Volume 
of O.OIN 
AgNO^ 
used up 
in ml 
* 
Halides 
in 
mmoles 
per lOOg 
soil 
1 
Volume 
of O.OIN 
AgNO^ 
.used up 
in ml 
r 
Halides 
in 
mmoles 
per lOOg 
soil 
1 
Volume 
of O.OIN 
AgNO-
used up 
in ml 
1 
Halides 
in 
mmoles 
per lOOg 
soil 
DIAMMONIUM PHOSPHATE 
1 0,25 0.025 0.25 0.025 0.50 0.050 0.333 
15 0.50 0.050 1.50 0.150 2.50 0.250 0.150 
30 0.50 0.050 2.75 0.275 4.75 0.475 0.226 
45 0.50 0.050 3.25 0.325 5.00 0.500 0.292 
60 0.50 0.050 3.50 0.350 5.75 0.575 0.325 
75 0.50 0.050 3.50 0.350 5.75 0.575 0.325' 
90 0.50 0.050 3.50 0.350 5.75 0.575 0.325 
Average - 0.046 - 0.261 - 0.427 _ 
L.S.D. for days = ©,075 , L.S.D. for doses ss O.I3I 
N.P.K. COMPLEX FERTILISER 
1 0.25 0.025 0.50 0.050 1.25 0.125 0.067 
15 0.25 0.025 2.00 0.200 4.75 0.475 0.233 
30 0.25 0.025 3.00 0.300 7.00 0.700 0.342 
45 0.25 0.025 4.25 0.425 10.00 1.000 0.483 
60 0.25 0.025 4.25 0.425 12.50 1.250 0.566 
75 0.25 0.025 4.25 0.425 12.50 1.250 0.566 
90 0.25 0.025 4.25 0.425 12.50 1.250 0.566 
Average - 0.025 - 0.321 — 0.864 mm 
L.S.D. for days a 0.118 , L.S.D. for doses =» 0.205 
Continued 
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1 
•rz: 1 J 
Days 
Nemagon dose -
0.0ml per kg soil 
Nemagon dose = 
0.2ml per kg soil 
Nemagon dose B 
0.5ml per kg soil Average 
halides 
in mmoles 
per lOOg 
soil 
t 
Volume Halides 
of O.OIN in 
AgNO^ mmoles 
used up per lOOg 
in ml ^^^1 
'V ' I 
Volume Halides 
of O.OIN in 
AgNO„ mmoles 
«o/./i »Tx per lOOg used up J 
m ml 
t 1 
Volume 
of O.OIN 
AgNO^ 
used up 
in ml 
Halides 
in 
mmoles 
per lOOg 
sofl 
-
SUPERPHOSPHATE 
1 0.25 0.025 0.50 0.050 1.00 0.100 0.058 
15 0.25 0.025 2.25 0.225 4.50 0.450 0.233 
30 0.25 0.025 3.50 0.350 7,00 0.700 0.358 
45 0.25 0.025 4.25 0.425 9.50 0.950 0.466 
60 0.25 0.025 4.25 0.425 11.50 1.150 0.533 
75 0.25 0.025 4.25 0.425 11.50 1.150 0.533 
90 0.25 0.025 4.25 0.425 11.50 1.150 0.533 
Average - 0.022 - 0.332 - 0.807 -
L.S.D. for days --= 0.121 
MURATE 
, L.S.D. 
OF POTASH 
for doses 1 = 0.210 
1 10.00 1.000 10.00 1.000 10.75 1.075 1.058 
15 12.50 1.250 13.25 1.325 13.75 1.375 1.316 
30 13.50 1.350 14.50 1.450 15.00 1.500 1.435 
45 14.75 1.475 15.00 1.500 18.50 1.850 1.608 
60 16.00 1.600 17.25 1.725 19.50 1.950 1.758 
75 17.50 1.750 18.25 1.825 20.00 2.000 1.858 
90 18.00 1.800 19.25 1.925 24.00 2.400 2.042 
Average - 1.475 - 1.536 - 1.736 -
L.S.D. for days = 0.531 , L.S.D. for doses a 1.010 
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TABLE LIII 
Effect of nemagon on available phosphorus of the soil 
in presence of phosphatic fertilisers 
, - ' r I t" 
Nemagon dose = Nemagon dose = Nemagon dose = 
0.0ml per kg s o i l 0.2ml per kg s o i l 0 , 5 M 1 p e r kg s o i l Average 
Days , 1 1 1 1 phosphorus 
Ahsor- Phospho- Absor- Phospho- Absor- JHaospho- ^ ^^^ 
bance rus bance rus bance r u s 
in ppm in ppm i n ppm 
CONTROL 
1 0.040 22.5 0.040 22.5 0.040 . 22.5 22.5 
15 0.040 22.5 0.055 30.0 0.050 27.5 26.6 
30 0.045 25.0 0.075 40.0 0.065 35.0 53.3 
45 0.050 27.5 0.090 47.5 0.070 37.5 37.5 
60 0.055 30.0 0.085 45.0 0.075 40.0 38.3 
75 0.045 25.0 0.080 42.5 0.060 32.5 33.5 
90 0.040 22.5 0,070 37.5 0.050 27.5 29.2 
Average - 25.1 - 37.9 - 31.7 — 
L.S.D. f o r days «= 2 .1 L.S.D. fo r doses a 3 .5 
SUPERPHOSPHATE 
1 0.165 92.5 0.165 92.5 0.170 95.0 93.3 
15 0.170 95.0 0.185 102.3 0.200 110.0 102.5 
30 0.185 102.5 0.210 117.5 0.220 122.5 114.2 
45 0.195 107.5 0.250 140.0 0.250 140.0 129.2 
60 0.200 110.0 0.250 140.0 0.260 145.0 131.6 
75 0.210 115.0 0.240 135.0 0.270 150.0 133.3 
90 0.210 115.0 0.220 122.5 0.250 140.0 125.8 
Average - 105.4 - 121.4 «M 128.9 -
L.S.D. for days «= 4.3 , L.S.D. for doses = 7.4 
Cont Inil Ari 
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1 T ' ' f - T 
Days 
Nemagon dose. = 
0.0ml per kg soil 
Nemagon dose » 
0.2ml per kg soil 
Nemagon dose = 
0.5ml per kg soil Average 
phospho-
rus 
in ppm ATssor-bance 
i 
Phospho-
rus 
1 
Absor~ 
bance 
1 
Phospho-
rus 
i 1 
Ahsorhan Phospho-
-ce rus 
• in ppm in ppm in ppm 
DIAMMONIUW I PHOSPHATE 
1 0.300 167.5 0.310 172.5 0.320 177.5 172.5 
15 0.310 172.5 0.330 185.0 0.340 190.0 182.5 
30 0.330 185.0 0.350 195.0 0.380 212.5 197.6 
45 0.340 190.0 0.400 222.5 0.4^ 245.0 219.3 
60 0.350 195.0 0.400 222.5 0.460 255.0 2*24.2 
75 0.360 205.0 0.390 217.5 0.560 260.5 227.5 
90 0.360 205.0 0.390 217.5 0.450 250.0 224.2 
Average - 188.7 - 204.6 - 227.1 
• 
L.S.D. for days = 6.2 , L.S.D. for doses - 10.8 
• 
N.P .K. COMPLEX FERTILISER 
1 0.200 110.0 0.200 110.0 0.210 115.0 111.6 
15 0.240 130.0 0.250 157.5 0.300 167.5 151.6 
30 0.280 157.5 0.300 167.5 0.335 187.5 170.8 
45 0.300 167.5 0.340 187.5 0.380 207.5 187.5 
60 0.320 177.5 0.390 195.0 0.390 212.5 195.0 
75 0.340 190.0 0.390 195.0 0.400 222.5 202.5 
90 0.340 190.0 0.380 192.5 0.380 207.5 196.6 
Average - 160.4 - 172.1 ~ 188.6 _ 
L.S.D. for days = 4.2 L.S.D. for doses = 7.2 
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TABLE LIV 
Effect of nemagon on available pota ssium of the soil 
in presence of potassium fertilisers 1 
Days 
T 
Nemagon dose = 
0,0ml per kg soil 
Nemagon dose = 
0.2ml per kg soil 
r 
Nemagon 
0.5ml pe 
dose = 
sr kg soil 
1— 
Average 
potassi-
um 
in ppm Absor-
— r • 
Potass-
ium 
in ppm 
1 
Absor-
bance 
1 
Potass-
ium 
in ppm 
1 t 
Absor-
bance 
Potass-
ium 
in ppm 
CONTROL 
1 0.035 87.5 0.035 87.5 0.035 87.5 87.5 
15 0.055 137.5 0.040 ioo.o 0.035 87.5 108.3 
30 0.075 181.3 0.045 112.5 0.040 96.9 130.2 
45 0.080 193.8 0.065 143.8 0.050 118.8 152.0 
60 0.085 200.0 0.070 168.8 0.065 131.3 166.7 
75 0.080. 193.8 0.075 181.3 0.070 168.8 181.3 
90 0.075 181.3 0.075 181.3 0.075 181.3 181.3 
Average - 167.9 - 139.3 - 124.6 • M 
L.S.D. for days = 10.0 L.S.D. for doses a 18.7 
MURATE OF POTASH 
1 0.120 287.5 0.120 287.5 0,120 287.5 .:,^ 887.5 
15 0.135 318.8 0.130 306.3 0.120 287.5 304,2 
30 0.150 356.3 0.140 331.3 0.135 318.8 335.5 
45 0.155 368.8 0.160 381.3 0.155 368.8 372.9 
60 0.160 381.3 0.170 406.3 0.165 393.8 393.8 
75 0.165 393.8 0.175 418.8 . 0.180 425.0 M2.5 
90 0.165 393.8 0.180 425.0 0.185 437.0 418.8 
Average 
- 357.2 - 365.2 - 359.9 -
L.S.D. for days = 8.1 , L.S.D. for doses = 14.1 
Continued .., 
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Days 
-I r - — — i 5 
Nemagon dose = Nemagon dose = Nemagon dose 
0.0ml per kg soil 0.2ml per kg soil 0.5ml per kg soil Average 
Absor-
bance 
-T 
Potass-
ium 
in ppm 
1 — 
Atosor-
bance 
1 
Potass-
ium 
in ppm 
"T"" 
Absor-
bance 
1 
Potass-
ium 
in ppm 
ium 
in ppm 
N.P.K. COMPLEX FERTILISER 
1 0.140 331.3 0.140 331.3 0.140 331.3 331.3 
15 0.155 368.8 0.150 356.3 0.145 343.8 356.3 
30 0.160 381.3 0.155 368.8 0.150 356.3 368.8 
45 0.165 
« 
393.8 0.160 381.3 0.155 368.8 381.3 
60 0.170 406.3 0.175 418.3 0.170 406.3 410.3 
75 0.170 406.3 0.185 437.5 0.190 450.0 431.3 
90 0.170 406.5 0.200 468.8 0.210 493.8 456.3 
Average - • 384.9 - 391.8 . 392.9 ^^  
L.S.D. for days = 12.6 , L.S.D. for doses = 21,8 
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R E S U L T S A N D D I S C U S S I O N 
The effects of nemagon on the soil chemistry and nutrient 
availability in presence of different fertilisers are recorded in 
tables XLVII to LIV. Each datum in a table represents a mean of 
three values recorded at i, 15} 30, 45, 60, 75 and 90 days after 
application of the fumigant. An analysis of variance was made on 
all data and L.S.D. values calculated using the value of t at 59^  
level of significance. In the discussion that follows, the term 
significant is used as meaning statistically significant at 5^ level. 
During interaction of the fumigant with fertilised soil 
samples no marked changes in pH (8.7 to 8.2) (table XLVII) or 
electrical conductivity (3^.6 to 30.5 x lO"-* mhos cm" ) (table XLVIII) 
were observed either with increase in doses or with passage of time. 
The data presented in table XLIX and Fig.23 showed that as 
compared to the control, 0.2 ml of nemagon per kg of soil significantly 
increased the availability of ammonium nitrogen in the soil with all 
fertiliser treatment. Optimum significant availability was reached 
at an interval ranging from thirty to forty five days except in the 
case of NPK complex where increase in available ammonium nitrogen 
went on upto sixty days. Thereafter a decline was observed. The 
187 
following order of maximum nitrogen availability was observed in 
case of 0.2ml nemagon treated soil; urea > diammonium phosphate> 
ammonium sulphate |> NPK complex ^ calcium ammonium nitrate> control. 
Though compared to control a higher dose of 0.5ml of nemagon 
per kg of soil favoured ammonification, the effect on nitrogen 
availability was generally less favourable as compared to 0.2ml dose 
upto a period ranging from thirty to forty five days. Except in 
NPK complex, after a period of sixty days the higher dose was much 
more effective in significantly increasing ammonium nitrogen availabi-
lity, particularly in case of fertilisation with ammonium sulphate 
and urea, and no decline occurred upto the maximum period of ninety 
days studied. Strong inhibition of nitrification with this dose 
found spport from the data in tables L and LI, Figs.24 and 25. 
The higher figures for available ammonium nitrogen in the 
fumigated soil resulted from the decomposition of the fertilisers by 
18 the fumigant resistant bacteria and the killing of the nitrosifying 
Nitrosomonas and the nitrifying Nitrobacter by the fumigant so that 
the ammonium nitrogen could not be rapidly oxidised into the nitrites 
and nitrates vide Figs.24 and 25. Reduction in the rate of nitrifi-
19 10 
cation on fumigation has been observed by Wolcott et al. ^ , Koike , 
12 20 
Singhal et al. and others . The decline in the availability of 
188 
ammonium nitrogen with passage of time after thirty to forty five 
days was due to the dissipation of the toxic chemical and relnlesta-
tlon of high potential zones of the treated soil with the fast growing 
fungi and the nitroslfying and nitrifying hacterla which converted 
It partly to nitrite and partly to molecular nitrogen. The results 
21 
were In agreement with the findings of Kreutzer 
The ahove reported deductions on Inhihitlon of nitrification 
found support from the data in tahles L and LI, Figs.24 and 25. An 
examination of nitrite and nitrate nitrogen revealed an interesting 
correlation on the nitrogen transformations in the fumigated soil. 
Thus in most of the cases the high dose of nemagon was almost fatal 
to Nltrosomonas and Nltrohacter as revealed hy constant and lower 
readings for nitrite and nitrate production in soil (tables L and LI, 
Figs.24 and 25) upto at least sixty days. In the case of the lower 
dose of nemagon the dissipation of the toxic chemical and reinfesta-
tion with hacterla found support from the data in tahles L and LI 
where after a period of forty five days, (except in NPK complex in 
case of nitrite nitrogen), an increase occurred in the amount of 
nitrite and nitrate nitrogen due to nitrification and oxidation of 
189 
ammonium nitrogen as follows: 
NH* + liq2 > NO" + 2H + HgO (Nitrosomonas) 
NO" + JiOji > NO" (Nitrobacter) 
A significant increase in halide availability was noticed in 
the fumigated soil with increasing dosage of the fumigant and after 
a period of thirty days. The data (table LIl) supported the 
dissipation of the chemical due to biological, chemical and photo-
chemical reactions with consequent increase in nitrification and 
phosphorus and potassium availability. 
A reference to the results given in table LIII and represented 
by Fig,26 indicated that application of nemagon resulted in a signifi-
cant increase in phosphorus availability in all cases of the soil 
fertilised with phosphate fertilisers. The higher dose of 0,5ml of 
the fumigant per kg of soil was more effective in releasing phosphorus 
than 0,2ml of the fumigant per kg of soil and its effect was felt for 
a longer period of seventy five days as compared to sixty days in the 
case of the lower dose. Thereafter a decline was observed in all cases 
with passage of time. The availability of phosphorus was in the 
following order diammonium phosphate > NPK complex> superphosphate 
11 
control. The results were in agreement with the work of Smith , 
190 
22 20 
Singhal et al. and others 
2"^  24 
Wensley and Martin et al. have reported increased and 
highly stimulated activity in soil as a result of fumigation. The 
effects of ascomyeetes, actinomycetes and reinfested fungus flora, 
mycorrhizae fungi and bacillus megatherium resulted in the decomposi-
tion of soil organic matter and the fertilisers bringing about a 
gradual increase in phosphorus availability till a maximum was reached. 
Thereafter the decrease in available phosphorus was due to degradation 
of the chemical (table LII) and bacterial reduction of the available 
phosphorus to unavailable phosphine: 
2H 2H hB. 
H^Po^ > H^Po^ > H^POg ^ PH^ 
+5 +3 +1 -3 (Oxidation state) 
The availability of potassium in the soil in absence and 
presence of fertilisers with nemagon treatment is reported in 
table LIV and represented by Fig.27. In the unfertilised and non-
fumigated soil (control) available potassium increased upto a period 
of sixty days and thereafter declined. In fumigated unfertilised 
soil there was a gradual significant increase in available potassium 
with passage of time though an increase in the dosage had a non-
significant negative influence on potassium. In unamended fertilised 
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soil available potassium increased till a constancy was attained 
at sixty to seventy five days. Fumigation with nemagon in fertilised 
soil had a negative influence with an increase in dosage upto thirty 
days in case of murate of potash and forty five days in case of NPK 
complex. Thereafter the effect was positive in hoth cases. Passage 
of time, however, continuously and significantly increased potassium 
availability in fertilised soil. The increase in potassium availabi-
lity was due to solubilization effects caused by soil ftmgi such as 
Aspergillus niger, and certain bacteria (Bacillus silliceus) which 
decomposed alumino-silicate minerals releasing a portion of the 
potassium contained therein. Some potassium may be released from 
clay minerals by shift of the equilibrium between soluble and insoluble 
forms as microorganisms remove the cation from solution, 
K in protoplasm < soluble K ^ mineral K 
. v^ 
The negative influence was due to reduction in biological activity 
caused-by the fumigant and potassium adsorbed by the soil constituents. 
As the effect of the chemical declined with passage of time the soil 
microflora re-established itself leading to a rise in potassium 
availability after thirty to forty five days of the fumigation. 
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CHAPTER VI 
EFFECT OF 1,2~DIBROMO~3-CHLOROPROPANE (NEMAGON) 
ON SOME SOIL PROPERTIES 
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EFFECT OF 1,2-DIBR0M0~3-CHL0R0PR0PANE (NEMAGON) 
• ON SOME SOIL PROPERTIES 
Among pesticides fumigants are finding increasing application 
± 
in modem crop production. Of these l,2-dil)romo-3-chloropropane has 
shown some useful results In the control of nematodes and parasites. 
The Interaction of such pesticides with soil particles, though often 
quite useful, sometimes leads to physico-chemical changes causing 
inhlhition of nitrification and nutrient availahllity to the plants. 
Hence their continuous use has to be done with care. In view of the 
dangers involved in the indiscriminate use of fumigants, it was 
considered worthwhile to examine the effects of dosage and the toxic 
effects of the l,2-dihromo-3-chloropropane on certain properties of 
an alkaline saline soil of Allgarh district. The soil selected has 
heen designated as type III Aligarh soil hy the Soil Survey Department 
of Uttar Pradesh . 
The chemical formula of the nematocide used was 
CHgBr.CHBr.CHgCl. It was a product of the Shell Chemical Company, 
New York (U.S.A.). • 
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E X P E R I M E N T A L 
Surface soil samples (depth 0-30 cm) were collected from 
a representative area of the district. The soil samples were dried, 
crushed and seived through 4mm seive. The general physico-chemical 
properties of the soil were determined and are given in table LV, 
The experiments on the effect of nemagon on some soil 
properties were conducted in eighteen earthem pots of 25 x 25cm size 
The pots were cleaned and coated with coaltar to prevent the • 
absorption of water, 
5kg each of the sodic saline soil was taken in the eighteen 
pots. Zero day samples were then drawn from the pots. The samples 
were saturated to water holding capacity. Six doses of 1,2-dibromo-
3-chloropropane (O.O, 0,5, 1.0, 1.5, 2.0 and 2.5ml) were injected at 
a depth of 10cm in three replications without growing any crop. All 
the pots after injecting with the nematocide were watered with 200ml 
distilled water per week throughout the course of experiments. 
Distilled water was used to avoid any self contamination with 
impurities. The experiment was continued for 90 days from 14th 
December 1971 to 27th February 1972. Samples were periodically drawn 
from the pots by a soil sampler at every interval of 15 days and the 
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effects of the nematocide on pH, e l e c t r i c a l conductivi ty, n i t rogen, 
phosphorus, potassium, organic matter and calciuto carbonate were 
studied. The r e su l t s are reported as below: 
pH 
The pH was recorded with Elico pH meter model Ll-10 with glass 
and saturated calomel electrodes essembly. A 1:2 soil water ratio 
suspension was usedkor measuring the pH of the samples. The results 
obtained are recorded in table LVI and represented by Fig,28, 
ELECTRICAL CONDUCTIVITY 
o 
The electrical conductivity was measured at 33 ^^ 1 C with the 
help of Philips conductivity meter and dip type cell, A 1:2 soil 
water ratio suspension was used for the above purpose. The results 
obtained are recorded in table LVII and represented by Fig,28. 
ORGANIC MATTER 
Organic carbon was estimated as per Walkley and Black's-^ 
method. 
Reagents:- N potassium dichromate, concentrate sulphuric acid, 
85% phosphoric acid, N/2 ferrous ammonium sulphate and diphenylamine 
indicator. 
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Procedure;- 2 grains of each of the soil samples were taken in 500ml 
conical flasks. 5ml of N potassium dichromate and 10ml of concentrate 
sulphuric acid were added in each case. The flasks were shaken 
vigorously and allowed to stand for 30 minutes. 100ml of distilled 
water, 5nil of phosphoric acid and 1ml of diphenylaraine indicator were 
added. A deep colour appeared. The excess potassium dichromate 
was titrated against N/2 ferrous ammonium sulphate solution till the 
violet colour changed to purple and finally to green. Blank determi-
nation was also carried out in the same way. From the volume of 
dichromate used for oxidation organic carhon was calculated using 
the expression: 
(Blank titre - actual titre) x 0.003 x M 
Organic carbon = - •'" ' - " , 
(in grams) Weight of dry soil in grams 
where M was the concentration of ferrous ammonium sulphate. The 
value of organic carTjon was converted to organic matter by multiplying 
with the factor 1.72^. The results obtained are recorded in 
table LVIII and represented by Fig.28. 
AVAIUBLE NITROGEN 
Available nitrogen was determined as per alkaline permangcuiate 
method which is described in an earlier chapter. The results 
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obtained are given in table LIX and represented by Fig.28. 
AVAILABLE PHOSPHORUS 
5 
Available phosphorus was determined as per Olsen's method 
which is described in Chapter IV. The results are recorded in 
table LX £ind represented by Fig.28. 
AVAILABLE POTASSIUM 
Available potassium was estimated as per turbidity method of 
Dutta et al. which is given in detail in Chapter IV. The data obtalnec 
are recorded in table LXI and represented by Fig.28, 
CALCIUM CARBONATE 
7 
Calcium carbonate was estimated by Piper's method . 
Reagents:- N hydrochloric acid, N sodium hydroxide and bromthymol 
blue indicator. 
Procedure:- 5 grams of each of the samples were taken in 150ml 
conical flasks, 50ml of N hydrochloric acid was added in each case, 
shaken vigorously and allowed to stand for an hour. 
10ml of the above supernatants were taken and titrated against 
N sodium hydroxide solution using bromthymol blue indicator. The 
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percentage of calcium carbonate was then calculated as below: 
Calcium carbonate = (Volume of N sodium hydroxide x 5) 
The results obtained are recorded in table LXII. 
STATISTICAL ANALYSIS 
The data obtained above in each case was subjected to 
statistical analysis of variance according to the two way classifica-
tion with one observation per cell, the null hypothesis being the 
equality of the effects of different levels of doses and different 
time intervals. The calculation were done in the manner as described 
in Chapter V of this thesis. The results obtained in case of the pH, 
electrical conductivity, organic matter, available nitrogen, phosphorus 
and potassium are recorded in tables LXIII to LXVIII, 
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TABLE LXIII 
Statistical analysis of variance of data on pH 
o 
C.F. = (^ ^^ *^ Q^  = ^501*215 
T.S.S. = [(10.6)^ + (10.5)^ + ^  . . . (i0.05)^J - 4501.215 
4502.380 - 4501.215 - 1.165 
S.S. for days := [(63,6)^ . (63,0)" . . . . . (60.35)"J . C.F. 
6 
= 4502.376 - 4501.215 = 1.161 
S.S. for doses [(72.55)" * (72.45)" + . . . . (72.45)"J ^ p 
7 
= 4501.216 - 4501.215 = 0.001 
S.S. for error = 1.165 - 1.161 - 0.001 = 0.003 
Table of analysis of variance 
Source of variation D.F. S.S. M.S. a^tio^ *^ ^ 
T r 
F 
5fc 1% 
Due to days 6 
Due to doses 5 
Due to error 30 
1.161 0.1934 1934.0 2.42 3.47 
0.001 0.0002 2.0 2.53 3.70 
0.003 0.0001 
/ 0.0001 X 2 
L.S.D. for days s V ;- x 2.042 = 0.012 
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TABLE LXIV 
Statistical analysis of variance of data on electrical conductivity 
C,F. = in.h^^^ =r 700.70 
42 
T.S.S. = [(3.87)^ + (4.69)^ + . . . . (4.il)^J - C.F. 
708.03 - 700.70 s 7.33 
S.S. for days 
S.S. for doses 
[(23.22)^ •>. (29.23)^ •»-.... (24.00)^J ^ ^ 
6 
705.50 - 700.70 = 4.80 
= C(25.69)^ •»• (28.13)^ •»-.... (28.91)^3 ^.F. 
702.46 - 700.70 « 1.76 
S.S. for error = 7.33 - 4.80 - 1.76 = 0.77 
Table of analysis of variance 
^ ; 
Variance 
Source of variation D.F, S.S. M.S. ratio 
Due to days 6 
Due to doses 5 
Due to error 30 
4.80 0.80 26.67 2.42 3.47 
1.76 0.37 12.33 2.53 3.70 
0.77 0.03 
L.S.D. for days = / ",'»3 x g ^ ^^^^^ « o.20 
6 
L.S.D. for doses = // 0»03 x 2 ^  2.042 = 0.22 
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TABLE L3CV 
Statistical analysis of variance of data on organic matter 
2 
C.F. = (5^25.81) _ 700938,43 
42 
T.S.S. = [(58.18)^ + (I43.73)?f-. . . . (129.30)^J - C.F. 
817961.76 - 700938.43 = 117023.33 
S.S. for days 
S.S. for doses 
[(349.08)^ + (769.16)^+. . . » (805.95)^J _ Q ^ 
6 
741177.06 - 700938.43 - 40238.63 
[(994.94)^ •» (990.94)^+. . . . (749.93)^3 _ ^ .l 
708088.34 - 700938.43 = 7149.91 
S.S. for error = 117023.33 - 40238.63 - 7149.91 * 69634.79 
Taible of analysis of variance 
i ? f f 5 
P 
Source of variation D.F. S.S. M.S. . Variance 
ratio ;% 
Due to days 6 
Due to doses 5 
Due to error 30 
40238.63 6706.44 2.89 2.42 3.47 
7149.91 1429.98 0.62 2.53 3.70 
69634.79 2321.13 
L.S.D. for days = A / ^^^^-^3 x 2_ ^ ^.042 = 56.80 
6 
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TABLE LXVI 
Statistical analysis of variance of data on available nitrogen 
C.F. = ^^ "^ ^^ ^^ ^ « 750.83 
T.S.S. = [(3.36)^ •»• (4.06)^. . . . (3.'45)^ J - C.F. 
768.49 - 750.83 « 17.66 
S.S. for days [(20.16)^ •«• (26.32)^ -f . . . . (22.72)^] __ ^, ^^ 6 
763.36 - 750.83 = 12.54 , 
S.S. for doses = [(^9.17)^^ (30.98)^. . . . (27.02)^J . , ^^  
752.86 - 750.83 = 2.03 
S.S. for error = 17.66 - 12.54 - 2.03 - 3.09 
Table of analysis of variance 
1 i — ' ^ J i 1 ^ 
Source of variation D.F. S.S. M.S. Ztl^^^^^ ^ 
ratio 5fo 1% 
Due to days 6 12.54 2.09 20.90 2.42 3.47 
Due to doses 5 2.03 0.41 4.10 2.53 3.70 
Due to error 30 3.09 0.10 
L.S.D. for days « f/ ^ ' ^ ^ ^ x 2.042 = 0.38 
L.S.D. for doses = /J ^'^^ ^ ^ ^x 2.042 = 0.42 
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TABLE LXVII 
Statistical analysis of variance of data on available phosphorus 
C.F. = {35.'i-5) _ 29.-^ 2 
42 
T.S.S. = [(0.70)^ + (0.80)^ + . . . . (0.70)^J - C.F. 
30.14 - 29.42 = 0.72 
S.S. for days = [(^'^Q)^ ^  (5»70)^ ^ . . . . (4.30)^J _ ^.p. 
6 
29.80 - 29.42 = 0.38 
S.S. for doses = f(5.43)" H- (6.00)^ ^ . . . . (5.16)"] . ^.F. 
7 
29.60 - 29.42 = 0.18 
S.S. for error = 0.72 - 0.38 - 0.18 = 0.16 
Table of analysis of variance 
— "• -| r 1 1 • I 
Source of variation D.F. S.S. M.S. Variance F 
ratio —_——_—«___ 
Due to days 6 0.38 0.063 12.60 2.42 3.47 
Due to doses 5 0.18 0.036 7.20 2.53 3.70 
Due to error 30 0.16 0.005 
L.S.D. for days = J ^'^^^ -^  ^  x 2.042 = 0.08 
6 
L.S.D. for doses =J 0.005 x 2 3^2.042 = 0.05 
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TABLE LXVIII 
C.F. 
Statistical analysis ot variance of data on available potassium 
= mi2Dl = 5762.26 
42 
T.S.S. 
S.S. for days 
S.S, for doses 
S.S. for error 
|(6.75)^ + (12.66)^ + . . . . (13.00)^J - C.F. 
5984.93 - 5762.26 = 222.67 
C(40.50)^ + (70.98)^ f . . . . (73«20)^J ^ ^ ^ 
6 
.5946.78 - 5762.26 = 184.52 
[(87.00)^ * (80.55)^ • < • . . . . (85.21)^ .1 ,^ p 
7 
5770.99 - 5762.26 = 8.73 
222.67 - 184.52 - 8.73 = 29.42 
Table of analysis of variance 
Source of variation D.F. S.S. M.S. 
T r 
Variance 
ratio 
±% 
Due to days 6 
Due to doses 5 
Due to error 30 
184.52 30.75 31.35 2.42 3.47 
8.73 1.75 1.78 2.53 3.70 
29.42 0.98 
L.S.D. for days = / ^ 98 X 2 X 2,042 = 1.17 
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R E S U L T S A N D D I S C U S S I O N 
The effects of the application of 1,2-dihromo-3-chloropropane 
in different doses on a sodic saline soil of Aligarh district at 
various intervals of time were noticed as follows: 
Effect on pH 
A reference to Fig,28, tahle LVI showed that l,2~dibromo-3-
chloropropane had no marked influence on the pH of the soil. The pH 
of the treated soil corresponded to that of the control upto a 
period of 60 days after which there was a slight tendency for the pH 
to decrease on application of the nematocide. 
Statistical analysis of variance of the data on pH from 
table LVI and represented by Fig,26, yielded the results which are 
recorded in table LXIII. 
It can be seen from the table LXIII that at 5 and 1 percent 
level of significance, the value of F was significant in case of days 
and non-significant in case of doses. Thus, pH of the soil was 
significantly affected by time interval whereas doses of nemagon had 
no significant effect on it. The mean value of pH for days arranged 
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in order of magnitude were: 
Time interval 
in days 0 15 30 45 60 75 90 
Mean pH of the 
soil 10.60 10.50 10.•(t5 10.30 10.30 10.26 10.06 
An examination of the least significant difference for the 
days at 5 percent level of significance (0.012) showed a maximum effect 
on the pH of the soil at 0 day and a minimum effect at 90 days. The 
8 
results were in agreement with the findings of Smith as well as 
9 
Singh and Mehta on the pH in case of chlorinated pesticides. 
EFFECT ON ELECTRICAL CONDUCTIVITY 
There was a marked increase in the electrical conductivity 
of the soil on addition of nemagon vide tahle LVII and Fig.28. A more 
or less uniform trend was maintained over the studied interval of 
time. Dosage seemed to he of no significant consequence in the rise 
of electrical conductivity. 
Statistical analysis of variance of the data from table LVII 
and represented hy Fig.28 yielded the results which are given in 
table LXIV. 
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It can be seen from the table LXIV that the observed F value 
for days and doses were significant both at 5 and 1 percent level of 
significance. Thus, the electrical conductivity of soil was 
significantly affected both by days and doses of nemagon. The mean 
value of electrical conductivity for days arranged in order of magnitude 
were: 
Time interval 
in days 15 30 90 75 ^5 0 60 
Mean electrical 
conductivity 
of the soil 4,87 ^.±8 ^.00 3.90 3.90 3.87 3.87 
The least significant difference for days at 5 percent level 
(0.20) showed a maximum effect on electrical conductivity at an interval 
of 15 days and minimum effect at 60 days whereas all other days yielded 
no significant difference in the mean value of electrical conductivity 
from 15 days. The mean value of EC for different doses arranged in 
order of magnitude were: 
Doses of nemagon 
in ml/5kg soil 
1 .0 1, .5 2, .0 2, .5 0. .5 0, .0 
Mean value of EC 
in mhos x 10 cm -1 
4, 
.31 4, .19 4. ,18 h, .13 4, .02 3. .67 
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An examination of the least significant difference for doses 
of nemagon at 5 percent level of significance (0,22) showed a maximum 
effect on electrical conductivity for an application of 1ml of nemagon 
per 5kg soil, although the other doses too did not significantly differ 
in effect from 1ml of nemagon. The rise could he attributed either 
owing to the chemical passing partly into the ionic state in the soil 
or to some phyi^ico-chemical changes occurring in the soil resulting in 
the release of ions. 
EFFECT ON ORGANIC MATTER 
A reference to the data incorporated in table LVIII, Fig.28 
showed that, in general as compared to the control the amount of organic 
matter in soil, decreased with the increase in the doses of nemagon. 
However, an increase was noticed with passage of time till a constancy 
was attained in the organic matter. 
The data on organic matter from table LVIII and represented by 
Fig.28 was subjected to statistical analysis of variance. It yielded 
the results which are recorded in table LXV. 
It can be seen from the table LXV that observed F value for 
the time interval was significant at 5 percent level only and an P value 
for different doses was non-significant both at 5 and 1 percent levels. 
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Thus, only days significantly effected the amount of the organic matter 
in the soil. The mean value of organic matter for days arranged in 
order of magnitude were: 
Time interval 
in days 45 60 75 90 30 15 0 
Mean value of 
organic matter 
in mg/lOOg soil 158.39 15^.96 140.10 134.33 130.16 128.19 58.18 
The least significant difference for days (56.80) showed a 
maximum effect on organic matter at 45 days. 
The decrease of organic matter with passage of time after 
45 days appeared to he due to an increase in the microbial population 
bringing about decomposition of organic matter. Such mineralising 
10 
effects have been reported by Charles and Paul as well as Smith and 
11 Wenzel in case of soils treated with chlorinated insecticides. 
EFFECT ON AVAILABLE NITROGEN 
Availability of nitrogen was found to increase with increasing 
doses of nemagon up to a value of 1.5 cc per 5kg of soil vide Fig.28 
and table LIX. Thereafter a suppressing effect was felt on the 
availability of nitrogen. The value reached a maximum from 30 to 45 days 
after application of fumigant. Thereafter a decline was observed in all 
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cases with passage of time. 
The statistical analysis of variance of the data illustrated 
in table LIX and represented l)y Fig.28 yielded results which are 
recorded in table LXVI. 
It can he seen from Uefe table LXVI that F value both for days 
and doses were significant both at 5 and 1 percent levels. Thus, the 
amount of available nitrogen of the soil was significantly affected both 
I 
hy days and doses. The mean value of available nitrogen for days 
arranged in order of magnitude were: 
Time interval 
in days 45 30 . 15 60 75 90 0 
Mean value of 
available 
nitrogen in 
mg/lOOQsoil 5.09 4.80 4.39 4.16 4.02 3.79 3.36 
An examination of the least significant difference (0.38) for 
days showed a maximum effect on availability of nitrogen at 45 days 
and a minimum at 90 days. All other days had no significant difference 
in the amount of available nitrogen from 45 days. The mean value of 
available nitrogen for different doses arranged in order of magnitude 
220 
were: 
Doses of nemagon 
In ml/5kg soil 1.0 0.5 i.5 0.0 2.0 2.5 
Mean value of 
available 
nitrogen in mg/ 
lOOgjrf soil ^.^7 ^.43 ^.39 ^.17 ^.06 3.86 
The least significant difference (0.^2) for doses of nemagon 
showed a maximum effect in the availability of nitrogen on the application 
of 1ml of nemagon per 5kg of the soil and the minimum in the case of 
2.5ial per 5kg of nemagon. 
The beneficial effect of nemagon on nitrogen availability could 
be attributed to an increase in ammonifying bacteria in the soil as a 
result of decrease in the nematode population oji the application of 
nemagon. The inhibition in nitrogen availability with large doses seemed 
to be because of the adverse effect of the fumigant In large doses on 
the bacterial population of the soil. The findings were in agreement 
with the work of Charles and Paul^^ as well as Pathak and Hari Shanker''^ .^ 
EFFECT ON AVAILABLE PHOSPHORUS 
A reference to table LX, Fig.28 revealed that the availability 
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of phosphorus increased with applications of nemagon up to about 
1.5ml per 5kg soil and it reached a maximum value after about 30 days. 
Higher doses reduced the availability. Also a decreasing tendency was 
noticed in the availability after a period of about 45 days on an 
average. 
— The statistical analysis of variance of the data illustrated 
in table LX and represented by Fig.28 yielded results which are 
recorded in table LXVII, 
It can be seen from table LXVII that the high F value both 
for days and doses were insignificant at 5 and 1 percent level. This 
proved that the amount of available phosphorus significantly varied 
with the doses of nemagon and the intervals of its application. The 
mean value of available phosphorus for days arranged in order of 
magnitude were: 
Time interval 
in days 30 15 60 45 75 90 0 
Mean value of 
available 
phosphorus in 
mg/lOOgjrf soil 0.96 0.95 0.88 0.83 0.82 0.72 0.70 
An examination of the least significant difference (o,08) at 
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5 percent level for the days showed that maximum amount of availahle 
phosphorus was produced at 30 days of its application whereas 90, 75, 
45 and 15 days showed no significant difference from 30 days. The 
mean value of available phosphorus for different doses arranged in 
descending order were: 
Doses of nemagon 
in ml/5kg soil 1.5 1.0 0.5 2.0 0.0 2.5 
Mean value of 
available 
phosphorus in mg/ 
lOOgm soil 6.50 6.30 .6.00 5.76 5.43 5.16 
An examination of least significant difference (0.05) for the 
doses of nemagon indicated that 1.5ml per 5kg soil produced the maximum 
amoimt of available phosphorus and 2.5ial per 5kg soil the minimum. All 
other doses showed significant differences between each other on the 
availability of phosphoms. 
The beneficial effect of nemagon on available phosphorus could 
be accounted for either due to stimulation in the growth and activity 
of soil organisms on application of the nematocide rendering organic 
soil phosphorus in available form or owing to replacement of fixed 
solid phase phosphorus ions by the ionic state of nematocide. The 
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13 latter view was in line with the work of McAuliffe and Dean •' as well 
as with the data on electrical conductivity reported in this Chapter. 
EFFECT ON AVAILABLE POTASSILT't 
Available potassium, when compared to the control, decreased 
in all cases on application of the fumigant as well as with time after 
30 days vide tahle LXI,Fig.28. 
Statistical analysis of variance of the data on available 
potassium, illustrated in table LXI and represented by Fig.28 yielded 
results which are recorded in table LXVII. 
It can be seen from table LXYII that the F value was signifi-
cant for days and insignificant for different doses. These were 
indicative of the fact that available potassium was not affected by 
doses of nemagon but it decreased with different time intervals after 
45 days. The meein value of available potassium for days arranged in 
descending order were: 
Time interval 
in days 45 30 75 60 90 15 0 
Mean value of 
available 
potassium in mg/ 
lOOgm soil 13.33 13.30 12.48 12.43 12.20 11.83 6.77 
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The least significant difference (1.17) for days showed that 
maximum amount of available potassitun was produced in the soil at 45 
days after application of nemagon. The other days showed no significant 
difference from 45 days. 
The decrease of the available potassium after 45 days could be 
attributed to fixation of exchangeable and water soluble forms of 
potassium into non-exchangeable forms as a result of complementary ion 
effect. 
EFFECT ON CALCIUM CARBONATE 
Nemagon had no marked influence on the calcium carbonate contSnt 
of the soil vide table LXII. 
Thus, the application of l,2-dibromo~3-chloropropane (nemagon) 
in limited doses increased nitrogen and phosphorus availability but 
decreased that of potassium. 
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Effect of nemagon on some soil properties 
J . p . SINGHAL' and CHANDRA PAL SINGH» 
Aligarh Muslim University, Aligarh Uttar Pradesh 
Received: 5 May 1972 
ABSTRACT 
In limited doses (0 to 2-5 ml/5 kg of soil) nemagon (1, 2-dibromo-3-chloropropane) 
increased the availability of N and P, but it suppressed K availability and organic matter in 
the soil. It increased the electrical conductivity but had no marked influence on the pH and 
calcium carbonate of the soil. 
The interaction of pesticides with soil 
particles, though often quite useful, 
sometimes leads to physico-chemical 
changes, resulting in inhibition of nitrifica-
tion and nutrient availabiity to plants. 
In view of the dangers involved in the 
indiscriminate use of fumigants, it was 
considered worth examining the effect 
of doses and the toxicity of nemagon on 
some properties of a sodic saline soil of 
Aligarh district (designated type III by 
the Soil Survey Department of Uttar 
Pradesh). 
MATERIALS AND METHODS 
Surface soil samples (depth 0-30 cm) 
were collected from a representative area 
of the district. Analysis of the soil yielded 
the following data: 
pH =10-60 
Electrical conductivity=3 -87 X 10"* mohs 
cm""' 
Organic matter = 0 • 058% 
Available nitrogen =0-0035% 
Available phosphorus =0-0007% 
Available potassium =0-0067% 
Calcium carbonate =1-00% 
In each earthenware pot of 25 cm X 25 
cm, 5 kg of the soil was taken. The 
samples were initially saturated with 20% 
distilled water. Each pot was watered 
'Reader, ^'Research Fellow, Department of 
Chemistry, Zakir Husain College of Engineering 
and Technology. 
with 200 ml of distilled water every week 
throughout the course of the experiment. 
Distilled water was used to avoid any self-
contamination with nitrogen, potassium, 
etc. Nemagon was injected in different 
doses, viz. 0, 0-5, 1-0, 1-5, 2-0, 2-5 ml, 
at a depth of 10 cm in each pot, with 3 
replications. The treated samples were 
periodically drawn by a soil-sampler at 
intervals of 15 days and analysed for the 
available nitrogen, phosphorus, potassium, 
organic matter, calcium carbonate, pH 
and electrical conductivity. 
The available nitrogen was determined 
according to the alkaline permanganate 
method (Subbiah and Asija, 1956), avail-
able phosphorus by the Olsen's method 
(Olsen et al., 1954) with NaHCOg of pH 
8-5 as extractant, available potassium 
according to the turbidity method of Datta 
et al. (1963) with Morgan's reagent as 
extractant, organic carbon by the method 
of Walkley and Black (1947) (and subse-
quent conversion to organic matter with 
a constant factor), calcium carbonate 
according to the method of Piper (1942), 
pH with Elico pH-meter and electrical 
conductivity with Philips-conductimeter in 
1 : 2 soil : water suspension. The results 
are represented in Fig. 1. 
The data were subjected to statistical 
analysis of variance according to the 
2-way classification, with 1 observation/ 
cell, the null hypothesis being the equality 
of the effects of different doses and 
different time intervals. 
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Table 1. Analysis of variance of the pH data 
Source of variation DF SS MS Variance 
ratio 
'F ' 
5% 1% 
Days 6 M 6 0 6 01934 1,934-00 2-42 3-47 
Doses 5 0 0012 0 0002 2-00 2-53 3-70 
Error 30 0 0030 0-0001 
Effect on pH 
At 5 and 1% levels of significance, 
the 'F ' value was significant for days and 
non-significant for doses (Table 1). The 
pH of the soil was significantly affected by 
time interval, but not by the doses of 
nemagon. The mean pH was 10-60, 
10-50, 10-45, 10-30, 10-26 and 10-06 
for 0, 15, 30, 45, 60, 75 and 90 days 
respectively. 
An examination of critical difference 
for the days at 5% level of significance 
(0-012) showed a maximum effect on the 
pH of the soil at 0 days and a minimum 
effect at 90 days. The results are in 
agreement with the findings of Smith 
(1949) and Singh and Mehta (^ 1962) on the 
pH in case of chlorinated pesticides. 
Effect on electrical conductivity 
Statistical analysis of electrical con-
ductivity (Fig. 1) both for days and doses 
yielded 'F' values of 36-176 and 15-972, 
respectively,, which were significant 
both at 5% and 1% level of significance. 
The critical difference for days at 5% 
level (1 • 031) showed a maximum effect 
on electrical conductivity at an interval of 
15 days and minimum effect at 60 days. 
For all other days there was no significant 
difference in the mean value of electrical 
conductivity from 15 days. The critical 
difference for the doses of nemagon at 5% 
level of significance (1-129) showed a 
maximum effect on electrical conductivity 
for an application of 1 ml of nemagon/ 
5 kg of soil, although the other doses 
too did not significantly differ from 1 ml 
of nemagon in their effect. The rise could 
be attributed either to the chemical 
passing partly into the ionic state in the 
soil, or to some physico-cheimical changes 
occurring in the soil, resulting in the 
release of ions. 
Effect on organic matter 
The data on organic matter (Fig. 1) 
yielded an observed F value of 2 • 889 for 
the time interval, which was significant at 
5% level only, and an F value of 0-616 
for different doses, which was non-signi-
ficant at both 5 and 1% levels. Thus, 
only days significantly affected the amount 
of organic matter in the soil. 
The critical difference for days 
(56-798) showed the maximum effect on 
organic matter at 45 days. 
The decrease of organic matter with 
time after 45 days appeared to be owing to 
an increase in the microbial population, 
which brought about the decomposition 
of organic matter. Such mineralizing 
effects have been reported by Charles and 
Paul (1958) as well as by Smith et al. 
(1947) in soils treated with chlorinated 
insecticides. 
Effect on available nitrogen 
Statistical analysis of variance in the 
available nitrogen both for days and 
doses (Fig. 1) yielded 'F ' values of 
20-248 and 3-936, respectively, which 
were significant both at 5 and 1% levels. 
The critical difference (0-379) for 
days showed a maximum effect on the 
availability of nitrogen at 45 days and a 
minimum at 90 days. All other days 
had no significant difference in the amount 
of available nitrogen from 45 days. 
The critical difference (0-415) for the 
different doses of nemagon showed a 
maximum effect on the availability of 
nitrogen with the application of 1 ml 
of nemagon/5 kg of the soil and a 
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O 0.5 cc netnagon 
( 2.0 cc nemagon 
2.5 cc nemaao" 
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Fig. 1. Effect of nemagon on some soil properties at different intervals. 
75 80 
minimum with 2-5 ml of nemagon/5 kg nitrogen availability could be attributed 
of the soil. to an increase in the nitrifying bacteria in 
The beneficial effect of nemagon on the soil as a result of decrease in the 
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nematode population on the application 
of nemagon. The inhibition in nitrogen 
availability with large doses seemed to 
be because of the adverse effect of the 
fumigant in large doses on the bacterial 
population of the soil. Our findings are 
in agreement with the work of Charles 
and Paul (1958) as well as of Pathak 
et al. (1961). 
Effect on available phosphorus 
Statistical analysis of the data on 
available phosphorus (Fig. 1) yielded 
observed F values of 12-509 and 7-333 
both for days and doses respectively. 
Both the values were significant at 5 and 
1 % levels of significance. This proved that 
the amount of available phosphorus 
significantly varied with the doses of 
nemagon and the intervals of its applica-
tion. The critical difference of 0-084 
at 5% level for the days showed that 
maximum amount of available phosphorus 
was produced 30 days after its application, 
but 90, 75, 60, 45 and 15 days showed 
no significant difference from 30 days. 
The critical difference (0-045) for the 
doses of nemagon indicated that 1 • 5 ml 
of nemagon/5 kg of soil produced the 
maximum amount of available phos-
phorus and 2-5 ml of nemagon/5 kg of 
soil produced the minimum. The other 
doses showed significant differences with 
one another. 
The beneficial effect of nemagon on 
the available phosphorus may be attributed 
either to the stimulation in the growth 
and activity of soil organisms on applica-
tion of the nematocide or to the replace-
ment of fixed solid-phase phosphorus ions 
by the ionic state of nematicide. The 
latter view is in line with the work of 
McAuliffe et al. (1948) as well as with the 
data on the electrical conductivity reported 
in this paper. 
Effect on available potassium 
Statistical analysis of the data on 
available potassium (Fig. 1) yielded F 
values of 31-352 and 1-779 for the days 
and the doses respectively. The value was 
significant only in the former case. 
Apparently, available potassium was not 
affected by doses of nemagon but it de-
creased with different time intervals after 
45 days. The critical difference (1-168) 
for the time interval showed that the 
maximum amount of available potassium 
was produced in the soil 45 days after the 
application of nemagon. The other days 
below 45 showed no significant difference 
from 45 days. 
The decrease of the available potas-
sium after 45 days could be attributed to 
conversion of exchangeable and water-
soluble forms of potassium into non-
exchangeable forms as a result of comple-
mentary ion effect. 
Effect on calcium carbonate 
Nemagon had no marked influence 
on the calcium carbonate contents of the 
soil. 
Application of nemagon in limited 
doses increased the availability of N and 
P but decreased that of K. 
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Adsorption of 1, 2-Dibromo-3-Chloropropane (Nemagon) on 
Akli Bentonite 
J. p . SiNGHAL AND C. P. SiNGH 
Faculty of Engineering and Technology, Aligarh Muslim University, 
.Aligarh, Uttar Pradesh 
Abstract: The adsorption of the nematocide, l,2-Dibromo-3-chloropropane on acid and 
base saturated bentonites was studied. Adsorption isotherms, electrometric titrations, 
CEC and X-rdy data pointed to physical adsorption being the primary mechanism of adsorp-
tion. Maximum adsorption occurred on Na-benjonite. Confirmation of the extent of the 
intensity of adsorption on the various absorbents was obtained from the free energy changes 
of the systems. (Key words : Nemagon ; bentonite ; adsorption isotherm ; electrometric 
•titration). 
Adsorption of pesticides by soil colloids 
controlled by several factors has been 
variously reported (Bailey & White 1964 : 
Harris & Warren 1964 ; Frissel 1961 ; 
Nearpass 1971). One of the factors is the 
clay mineral composition. There is a lack 
of information on the basic nature of soil 
colloid pesticide interactions. Nemagon 
and its related compounds, namely D. D. 
and E. D. B. find .widespread applications 
in the control of nematodes, root rot fungi 
and weed growth (McBeth & Bergeson 1955). 
Their widespread use makes it desirable to 
learn as much as possible concerning their 
behaviour after they are applied to the soil. 
The chief objective of this study, therefore, 
was to investigate the basic nature of the 
adsorption and interactions of nemagon on 
bentonite. 
EXPERIMENTAL 
Bentonite used in these studies was • 
obtained from Akli, Rajasthan. X-ray 
analysis indicated that montmorillonite was 
the major mineral present in it with very 
small amounts of kaoline and traces of 
quartz. The mineral "was dispersed in water 
and < 2 ^ fraction obtained by sedimentation 
and centrifugation. The suspension was 
then treated with NaCl till the concentra-
tion of the supernatant liquid was 2N with 
respect to NaCl. The supernatant liquid 
was decanted, NaCl again added and the 
process repeated three times. The excess 
salts were removed by repeated washings 
till free from chloride and till the clay 
dispersed and the conductivity of the sus-
pension became of the same order as that 
of distilled water (10"^ mhos). The Na-clay 
suspension thus obtained was stored in a 
plastic bottle. Its pH was 7.4, conductivity 
= 5.263 X 10-5 mhos/cm and CEC=-75 m.e./ 
lOOg clay. 
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Hydrogen saturated bentonite with mini-
ma] aluminium (Aldrich & Buchanan 1958) 
was prepared from the sodium day suspen-
sion by passing it several times through a 
column resin. It was then quickly used for 
electrometric and adsorption experiments. 
Base saturated clays, viz., aluminium, cal-
cium, potassium and ammonium bentonites 
were prepared from the sodium suspension 
by treatment, three times, with equal 
volumes of saturated AICI3, CaCla, KCl and 
NH4CI solutions respectively. The suspen-
sions were then freed from chloride ions by 
washing with distilled water till the resis-
tance in each case was of the same order as 
that of distilled water The concentration 
of all the suspensions varied from 0.48 to 
1.96g of clay per 100 ml of water. 
Hydrogen and base saturated bentonites 
were subjected to potentiometric and con-
ductometric titrations with varying amounts 
(0.05 to 1 ml) of nemagon at 3 3 ± r C using 
an Elico glass electrode pH meter and 
Philips conductivity meter respectively. 
The titrations proved useful in interpreta-
ting the interaction. 
For the adsorption experiments, 5 ml of 
the clay suspension in each case was shaken 
wiih varying amounts of nemagon (0.05 to 
1 ml) in glass stoppered centrifuge tubes 
over a period of 3 days at 33±1°C to attain 
equilibrium. The mixtures were then cen-
trifuged and the residual nemagon was 
extracted from the supernatant liquid with 
alcohol. The extractant was then refluxed 
wiih alcoholic KOH and the pesticide 
estimated as halide as per Volhard's 
silver thiocyanate—ferric alum method 
(Scott 1939). All samples were run in 
duplicate. In all the cases a clay blank 
was included. The adsorption of nemagon 
was obtained from the change in concen-
e o 
20 
H 
1» Na-ibentonit« 
2» K-bcntonrt» 
3o Co ^bentonite 
<ix NH,,-ben«onlU 
5« At- bentonltz 
6A H-bintonlt« 
?0 30 AO 50 60 70 80 90 
Amount of nemagon in equilibrium liquid in m moles/litre 
116 
Fig. I. Adsorption isotherms of nemagon on bentonite clays 
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tration of the solution before and after 
contact with bentonite. Adsorption 
isotherms were plotted between equihbrium 
concentration and mraoles of the pesticide 
adsorbed per gram of bentonite (Fig. I). 
The pH values of the equilibrium suspen-
sions were also recorded in each case. 
Some of the results obtained during the 
adsorption experiments were correlated with 
X-ray findings. The X-ray diffractograms 
of the bentonite in its Na and nemagon 
saturated form were obtained on the Phi-
lips X-ray diffractometer with CuKa radia-
tion and Ni foil as X-ray filter (Fig. 2) 
after taking due precautions to avoid any 
volatilisation of the nematocide from the 
clay surface. 
RESULTS AND DISCUSSION 
Adsorption of an organic compound on 
a clay surface can be ascribed to any of the 
following mechanisms : (i) Physical or 
activated adsorption, (ii) Various forms of 
diffusion processes, (iii) Formation of hy-
drogen bonds, (iv) Formation of coordina-
tion bonds, and (v) Protonation of various 
forms. 
In the concentration range studied, 
potentiometric and conductometric titrations 
of the acid and base saturated bentonites 
with 1, 2-dibromo-3-chloropropane did not 
yield any sharp changes or inflections. With 
the exception of Na- and K- bentonites the 
pH and conductance of the acid and base 
saturated clays remained almost constant. 
Any significant protonation (Swoboda & 
Kunze 1968) or the formation of coordina-
tion bonds (Farmer & Rus<;ell 1967) between 
nemagon and the acid or base saturated 
clays was thus ruled out. 
The results of adsorption of nemagon by 
the above suspensions in the concentration 
range of 0 to 125 mmoles per litre are 
represented by isotherms (Fig. 1, Curves , 
l_6). Most of the curves exhibited dis-
continuities. Such complexities in adsorp-
tion isotherms with occurrence of maximas 
and minimas and inflections have been 
observed by several workers (Brunauerl944 ; 
Venturello «fe Ghe 1960) in solute-solute-
solvent systems when they underwent com-
plete saturation. Initially the adsorption 
of nemagon was rapid and positive. How-
ever, beyond a certain concentration there 
was a well defined change of slope in the 
50 
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Fig. 2. X-ray diffractograms of Na and nemagon saturated bentonite 
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adsorption isotherms in all cases except that 
of H-benionite. The change of slope 
resulting in negative adsorption appeared 
to be due to a competition between the 
solvent (H2O) and nemagon for adsorption 
sites on the clays which resulted in release 
of adsorbed nemagon by HjO from the 
clays after a certain saturation was reached. 
The results are in accordance with the obser-
vations of Kipling and Peakall (1957). 
None of the data obtained in this study 
conformed to the Freundlich or Langmuir 
equations. This behaviour appeared to be 
due to lack of homogeneity of the clay 
mineral surface (Bailey et al. 1968) or 
due to adsorption occurring in multilayers. 
The adsorption isotherms revealed that 
nemagon exhibited the maximum affinity 
for Na-bentonite and the minimum for H-
bentonite, the order of adsorption being 
N a > K > C a > N H 4 > A l > H , conforming to 
the free energy changes that occurred during 
adsorption in the systems. 
The changes in the partial molar free 
energy of the system, F , as a result of ad-
sorption calculated from the thermodynamic 
relationship 
- F = RT In ^ 
where Ce and Co were the equilibrium con-
centration and the initial concentration of 
the solution prior to adsorption respectively. 
The average values of F for each of the ad-
sorbents are given in table 1. The magni-
tude of F values followed the same order 
as that of adsorption obtained from the 
isotherms (Fig. 1, Curves 1 — 6), thus con-
firming the extent of the driving force 
available for the adsorption of 1, 2 dibromo-
3-chloropropane on the various bentonites. 
The adsorption of nemagon in the con-
centration range studied was several times 
in excess of the CEC of the clay. This was 
inconsistent with the formation of a single 
layer of the nematocide on the clay surface. 
Physical adsorption due to van der Waals' 
forces appeared to be the primary mecha-
nism for the intake of 1, 2 dibromo-3-chlo-
ropropane by the clay surface. Hydrogen 
bonding between the oxygen (Mortland 1958) 
of the clay surface and the hydrogen groups 
of the chemical, formation of charge transfer 
complex and or fixation of the chemical 
in the inner layer of the lattice structure of 
the clay mineral could be the other possible 
mechanisms for adsorption of nemagon by 
the acid and base saturated bentonites. 
X-ray diff"raction pattern (Fig. 2) of the 
Na saturated l)entonite gave a strong and 
broad peak at 13.58A° along with weaker 
TABLE 1 
Average F values for each adsorbent and nemagon 
Adsorbent Average—F cal/mol 
Na-bentonite 
K-bentonite 
Ca-bentonite 
NH4-bentonite 
Al-bentonite 
H-bentonite 
172.45 
137.47 
128.25 
124.61 
103.53 
102.31 
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ones at 7.13A°, 3.57A° and 3.34A°. Its 
treatment (in wetted form) with 1, 2-
dibromo-3-chloropropane resulted in an 
increase in basal spacing from 13.58A° to 
18.00A° with insignificant effects in other 
cases. Montmorillonite was, therefore, the 
chief constituent of bentonite which interac-
ted with the nematocide. The increase. in 
basal thickness from the anhydrous state 
of Na-montmorillonite (9.40A°) to nemagon 
form amounted to" 18.00-9.40 or 8.60A°. 
Using the molecular model of nemagon 
and the bond angles and bond thicknesses, 
the van der Waal thickness of 
Br Br CI 
I I I 
H—C—C—C—H amounted to 2.39A° m 
I I I 
H H H 
coplanar form and 4.62A° in upright state. 
Keying of multilayers of nemagon mole-
cules in both upright and flat forms thus 
seemed possible on the lateral surface of 
the clay. Small contractions in thicknesses 
seemed to occur during the adsorption of 
multilayers as observed by other workers 
(Barrer & Reay 1957 ; Greenland et al. 1965) 
in the case of adsorption of organic jnole-
cules on montmorillonite. Multilayer ad-
sorption of nemagon found further confir-
mation from the C.E.C. data. More work 
is, however, needed to completely elucidate 
the exact mechanism of binding of the 
nematocide on the mineral. 
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Among the pesticides, soil fumigation {3,5), particularly with chlorinated and 
brominated chemicals, is widely used for soil sterilization, chiefly for killing nematodes 
and root-rot fungi. Besides having nematocidal action, the fumigants interact chemi-
cally (7) and biologically (4) with soil components with beneficial and sometimes 
adverse results. Several mechanisms (2) of fumigant damage to roots and interference 
with availability of nutrients have been reported. While considerable information is 
available on the individual effects of fertilizers and fumigants on plants, not much is 
known about the interactions of the fumigants with fertilizers as measured by nutrient 
availability in soil, growth, of plants, and phytotoxicity. A study, therefore, was 
undertaken to evaluate the effects of 1, 2 dibromo-3-chloropropane, commonly known 
as nemagon, and the more commonly used fertilizers on the growth of tomato plants. 
A saline soil was selected for study. The soil was air dried, crushed and sieved. 
One kirogram of the soil was taken in each of the glazed earthenware pots, 15x15 cm 
in size. There were 24 treatments in three replications consisting of various combi-
nations of 8 fertilizers and 3 doses of nemagon. The fertilizer levels were : no fertilizer 
(control), urea, ammonium sulphate, calcium ammonium nitrate (CAN), diammonium 
phosphate (DAP), NPK complex, superphosphate, and' murate of potash at the rate of 
1 g of N, P, and K. The pots were treated with 20% distilled water and 0.0, 0.2, and 
0.5 ml doses of nemagon were injected in each of the fertilized soil samples by means 
of a pipette through a hole made halfway down the center of the soil column. The 
holes were then sealed by the surrounding soil and after 15 days, fortnight-old seedlings 
of a precured variety of tomato were transplanted in each of the pots. The pots were 
watered with equal amounts of water throughout the course of experiments. After 45 
days the height and periphery of the shoots and the length of the roots were determined. 
Simultaneously the same experiment was conducted with soil without growing plants 
and the soil analyzed for N, P, K, CI, and Br before fumigation and at the end of the 
experiments. Available N was estimated as per alkaline KMn04 method, available P 
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Table 1. Effect of nemagon on the height and periphery of the shoots and the length of roots 
of tomato plants. 
Shoot hei 
(cm) 
0.0 0.2 
ght 
0.5 
Shoot 
0.0 
penph 
(cm) 
ery 
0.5 
E 
0.0 
-oot length 
(cm) 
Dose of Nemagon 
(ml'kg soil) 0.2 0.2 0.5 
Control 25.5 35.0 21.3 1.4 1.6 1.1 32.7 34.7 25.7 
Urea 33.3 41.0 27.0 2.0 2.3 1.8 15.0 24.2 14.0 
Amm. sulphate 32.0 44.0 22.7 1.8 2.0 1.5 32.7 36.7 20.3 
CAN 38.3 44.7 31.3 1.5 2.6 1.8 20.7 36.3 32.3 
Superphosphate 28.3 36.0 25.0 1.6 1.9 1.2 34.0 40.0 30.3 
• Murate of potash 23.3 22.7 16.7 1.2 1.5 1.1 22.7 34.3 20.3 
DAP 27.7 42.3 28.3 1.8 2.0 1.7 18.7 24.3 13.7 
NPK 42.7 40.0 25.3 2.3 2.2 1.6 21.3 25.3 16.3 
Table 2. Effect of nemagon on nutrient halide availability in fertilized soils. 
Dose of Nemagon 
(ml/kg soil) 0.0 0.2 0.5 
Available nitrogen" Control 9.19 9.38 8.91 
Urea 9.66 15.54 13.02 
Aram, sulphate 8.31 11.71 11.99 
CAN 8.96 15.59 9.05 
DAP 8.68 13.86 13.30 
NPK 16.10 13.02 13.17 
Available phosphorus" Control 3.29 7.42 10.21 
Superphosphate 15.13 17.54 18.00 
DAP 16.63 17.08 13.71 
NPK 
Control 
8.25 11.67 
• 9.33 
11.75 
Available potassium" 11.00 7.67 
MuratC' of potash 22.00 25.33 26.00 
NPK 25.00 27.00 37.50 
Water soluble halides Control 0.01 0.02 0.03 
Chlorine- Bromine," Urea 0.01 0.02 0.02 
.•\mm. sulphate 0.01 0.02 0.03 
CAN 0.01 0.02 0.03 
DAP 0.01 0.01 0.04 
NPK 0.01 0.02 0.04 
Superphosphate 0.01 0.01 0.02 
Murate of potash 0.03 0.03 0.04 
" In mg'lOOg soil. 
" In mmoles/lOOg soil. 
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colorimetrically by Olsen's method, K turbiditimetrically, and water soluble chlorine+ 
bromine as per Volhard's method. In all cases blanks were used. 
The effect of nemagon interaction with fertilized soils on the growth of tomato 
plants is represented by Table 1. The results revealed that a dose of 0.2 ml of nemagon 
per kg of soil furnished a better growth of plants as compared to unfumigated soil 
with all fertilizer treatments except the NPK complex. The data on the roots revealed 
similar results. Higher doses resulted in phytotoxicity. Height in case of 0.2 ml 
nemagon treated plants was in accordance with the order C A N > a m m . sulphate> 
DAP>urea>NPK>superphospha te>cont ro l>mura te of potash ; and periphery varied as 
C A N > u r e a > N P K > D A P > a m m . sulphate>superphosphate>control>murate of potash. 
However, the length of roots was in the order superphosphate>amm. su lpha te>CAN> 
control>murate of po t a sh>NPK>DAP>urea . An examination of the roots showed 
nematode gall formations when plants were grown on unfumigated soil. 
The data on the interaction of nemagon with fertilized soils is reported in Table 2. 
The interaction resulted generally in a greater release of nutrients with a 0.2 ml dose 
of nemagon per kg of soil, as compared to 0.0 ml and in some cases even when com-
pared to a 0.5 ml dose of the fumigant. The fumigant also underwent decomposition 
with time as illustrated by an increase in halides. 
The investigations proved interesting. Healthy growth and root systems were 
positively correlated to nutrient release caused by 0.2 ml doses of nemagon. The effects 
were due to the nematocidal action of the fumigant along with elimination of gall 
formations from the roots. A 0.5 ml dose of the fumigant resulted in phytotoxicity. 
Injury to the root system caused by toxic limits of halides released during decomposition 
of higher doses of nemagon reduced the uptake of NPK by the plants and resulted in 
stunted growth. 
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